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Design Example: 1.5 volt LVCMOS 4mA, I/O, 100 aggressors shown. 




Best Signal Integrity: 
7x Less SSO Noise 



Virtex-4 FPGAs deliver the industry's best signal integrity, allowing you to 
pre-empt board issues at the chip level, for high-speed designs such as 
memory interfaces. Featuring a unique SparseChevron™ pin out pattern, 
the Virtex-4 family provides the highest ratio of VCCO/GND pin pairs to 
user I/O pins available in any FPGA. By strategically positioning one hard 
power pin and one hard ground pin adjacent to every user I/O on the device, 
we've reduced signal path inductance and SSO noise to levels far below what 
you can attain with a virtual ground or soft ground architecture. 

The Industry's Highest Signal Integrity, 
Proven By Industry Experts 

Incorporating continuous power and ground planes, plus integrated 
bypass capacitors, we're eliminating power- supply noise at its source. In 
addition, we provide on-chip termination resistors to control signal ringing. 
The lab tests speak for themselves. As measured by signal integrity expert 
Dr. Howard Johnson, no competing FPGA comes close to achieving the 
low-noise benchmarks of Virtex-4 devices. 



Visit www.xilinx.com/virtex4/sipi today, and choose the right high-performance 
FPGA before things get noisy. 




Dr. Howard Johnson, author of High-Speed Digital Design, 
frequently conducts technical workshops for digital engineers 
at Oxford University and other sites worldwide. 
Visit www.sigcon.com to register. 
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Breakthrough Perfdrmance At The Lowest Cost 



2005 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners. 



HOW MANY PHASES 
DO YOU NEED? 



IR's XPhase™ Chipset Scales for Server and VRM applications 
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IR3080 


Control IC with 
integrated VCC-VID LDO 
and VR-HOT 


32-Lead 


VRD 10.x for Industrial PCs 
and Workstations 




IR3081A 


VR10.X Control IC 


28-Lead 


EVRD 10.x and 
VRM 10.x for Servers 




^R3082 


AMD Opteron™ 
Control IC 


20-Lead 


AMD Opteron based servers 


SEIC _ 


IR3086A 


Phase IC with integrated 
phase fault detect 
and VR-HOT ^ 


20-Lead 1 
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IR3087 


Phase IC with 
integrated VR-HOT and 
Optiphase™ technology 


20-Lead 


Suitable for applications 
which require ability 
to turn off phases 




IR3088A 


Phase IC with 
integrated VR-HOT 
and phase fault detect 


20-Lead 


Suitable for applications with 
excessive impedance between 
converter and load 
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Input/Output 




International Rectifier's XPhase Control 
and Phase IC chipset delivers a power 
solution that scales with all your high 
current designs. 

• Scalable from 1 to X phases 

• Programmable switching frequency: 
150 kHz-IMHz 

• 2.5A average gate drive current 

• 90% efficiency when used with 
DirectFET™ MOSFETs for 150A 
CPU design 



IR's proprietary DirectFET technology is covered by US Patent 6,624,522 and other US and foreign pending patent applications. 
DirectFET and XPhase are trademarks of International Rectifier. Opteron is a trademark of Advanced Micro Devices, Inc. 

for more information call 1 .800.981 .8699 or visit us at 

www.irf.com/dcdc 
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THE POWER MANAGEMENT lEADER 




With Atmel's AVR microcontrollers, 
your designs will always give you 
more than you expected. 




If you're looking for ways to get better 
designs to market faster (and who isn't these 
days), start designing with Atmel's AVR® 
family of MCUs. No other 8-bit micro can give you 
its exceptional combination of performance, flexibility and 
power management. 

AVR is the most efficient and powerful 8-bit MCU on the 
planet. It has an enhanced RISC core running single-cycle 
instructions and a well-defined I/O structure that limits the 
need for external components. So it's not only easier to use, 
it delivers blazing execution of up to 20 MIPS. 

And when you consider AVR's outstanding Flash and 
EEPROM capability, plus its huge range of packaging. 



peripherals, memory sizes, power management modes and 
development tools, there's almost no limit to what you can 
design. From complex battery operated applications to 
industrial controls, and a whole lot more in between. 

That's why AVR has become the most popular 
microcontroller of its kind, with over a billion installed 
around the world. 

So if you're looking for ways to get more out of your 
designs, make sure you use the microcontroller that 
delivers more. 

Check it out today at www.atmel.com/ad/avr and register to 
win a free development kit. It just could be the start of a very 
fruitful relationship. 



Find out more about Atmel's AVR solutions today at www.atmel.com/ad/avr 



Performance 


Up to 20 MIPS 


Power consumption 


lOOnA (power down) 


Memory size 


1 to 256 Kbytes Flash 


Pacicaging 


8 to 100 pins 


Periplierals 


UART, SPI, 2-wire interface, timers, PWM, 10-bit AD, CAN, LCD 


Migration patli 


All devices code compatible for seamless upgrade 



r® 



Everywhere You Are"' 
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We all know the perfect environment for a test site is space; outer space; cosmic space; space so deep it aches with emptiness and not a single reflection. Just emptiness all around and believe it or not, TDK's 
anechoic chamber has captured a little piece of that space; a microcosm so perfect, so stable it's ideal for high precision EMC testing and deviation characteristic is reduced from ±4dB to ±2dB. Since 
developing the worldis first ferrite type anechoic chamber in 1969, we just couldn't stop researching and developing anechoic chambers, one after another, 765 and counting; providing the best quality deep 
space for the world's most prestigious research and measurement institutions. The technology we developed for our chambers has borne fruit in many other fields; one of them is the miniaturization of an 
electromagnetic wave absorber, a key determining characteristic of the anechoic chamber. TDK, with its outstanding technological expertise, took the magnetic loss characteristics found only in ferrite and 
reduced the length of the electromagnetic wave absorber from 45cm to 6cm; all with no loss of high performance. Our advanced technology has also been incorporated into the UWB communication evaluation 
system; fast becoming the hottest next-generation short-range wireless communication system in the world. Moreover, our EMC evaluation and simulation high technology has successfully sneaked its way into a 
variety of other EMC components; you can rely on TDK for such special solutions -we just really know our noise. You see we are just passionate about noise and after all these years, we still feel young enough 
to dream, to dare, to take those impossible ideas, and with our creative vision and cutting-edge technologies bring them to earth; our future is truly infinite. The spirit of TDK, herald of a new era, always the first. 




Nl LabVIEW- From Interactive Measurements 
to Graphical System Design 

Explore 




Express technology in Nl SignalExpress gives 
you an interactive, exploratory interface with: 



Always-on, configuration-based development 

Tight integration of simulation and real-world I/O data 

Conversion to National Instruments LabVIEW projects 













Sisnals 








Configure 



Point-and-click assistants in LabVIEW help you quickly 
automate common measurement and analysis tasks with: 

Modular data acquisition from DC to 2.7 GHz 
Plug-and-play drivers for more than 4,000 instruments 
Support for PXI, PCI, PCMCIA, USB, LAN, serial, GPIB, and CAN 
More than 450 signal processing and mathematics functions 
Drag-and-drop custom user interface (Ul) design with built-in Ul elements 



Design 



Revolutionary LabVIEW graphical programming helps 
you tackle the unique needs of your applications with: 

Compiled execution 

Intuitive dataflow development 

More than 500 included example programs, thousands more on the Web 
Advanced training classes and certification program 
Open connectivity with .NET, ActiveX, XML, TCP/IP, wireless, and more 
Integration with image acquisition and motion control devices 
Deployment to real-time, distributed, embedded, and handheld targets 



Whether you are taking quick, interactive measurements on your desktop or designing sophisticated, high-throughput 
automated test systems, award-winning Nl LabVIEW graphical software has the development tools you need. 
With more than 18 years of engineering innovation and thousands of users around the world, LabVIEW provides 
a scalable solution for your projects ranging from interactive design to custom application development. 



To take the interactive LabVIEW Guided Tour, visit ni.com/labview. 



(800) 453 6202 



© 2005 National Instruments Corporation. LabVIEW, National Instruments, Nl, ni.com, and SignalExpress 
are trademarks of National Instruments. Other product and company names listed are trademarks or 
trade names of their respective companies. 
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Double-barreled 
WiFI test 

A A Adding "wireless" to 
/\ /\ networking does more 
I I than change physical- 
layer-test requirements; it adds 
system complexity that needs 
simultaneous controlled testing of 
many layers, by Richard A Quinnell, 
Contributing Tectinical Editor 

Video over the Internet 

Services and devices 
^ r\ move closerto living- 
\^ room convenience. 
by Maury Wrigtit, Editor at Large, 
and Mattinew Miiier, 
Executive Editor, Online 



Get the message: 
power-management 
protocol rides on 
Industry bus 

^ ^ The PM Bus-based on 

the tried and true PC 
V-^ hardware interface- 
offers a power-management 
communications protocol for 
power-conversion subsystems. 

by Margery Conner, 
Tectinical Editor 
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Designing offline power 
supplies using power- 
factor correction 

By reducing ac-line 
f \ I current, switched-mode 
v-^ I power supplies that 
incorporate PFC are cutting the 
cost of installing and operating ac- 
powered equipment. Increasingly, 
regulatory bodies are requiring 
PFC. byPhilZuk, 
Fairctiild Semiconductor 
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Testing serial giga- 
hertz-speed buses 

^ Replacing digital parallel 
/ r\ buses in computer and 
I datacom applications 

with serial high-speed buses has 
significant implications. Signal- 
integrity effects may emerge as 
issues. Engineers can use standard 
stimulus/response test equipment 
to perform demanding physical- 
layer tests, by Alexander Schmitt, 
Agilent Technologies 
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Precision full-wave signal rectifier needs no diodes 
1 -Hz to 1 00-MHz VFC features 1 60-dB dynamic range 
Cascode MOSFET increases boost regulator's input- and output-voltage ranges 
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On their own, they're great. 

But man, when they play together. 




Individual point tools are no match for the collective power of the platform. 

Timing, Signal integrity, Power, Test, and Yield. The fab five of complex design. To optimize these 
goals, an individual point tool won't do - no matter how amazing it is. It'll take something more. 
A comprehensive platform that delivers a convergent flow: the Galaxy™ Design Platform. 

A higher level of predictability. 

With the Galaxy Platform, you avoid the long and winding road to signoff. Because now you can 
simultaneously manage all aspects of your design flow. You'll get faster time to signoff, higher 
quality of results and the elimination of costly "gotchas" in the design cycle. 

Higher predictability no matter how deep you go. 

You say you want a revolution? You got it: whether it's 130nm, 90nm or below, the Synopsys 
Galaxy Design Platform accelerates the deep sub-micron design process. Find out how to 
achieve your design goals faster with a little help from your friends at Synopsys. 
www.synopsys.com/cometogether 



Galaxy 



The most 
comprehensive 
solution for 
advanced 
integrated 
circuit design. 



synopsys 



www.synopsys.com/cometogether 
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©Koninklijke Philips N.V., 2005. All rights reserved. 



Whatever your next innovative idea is, 
we'll help you design it. 

Philips Semiconductors. Ask a little boy what his favorite toy is, and he'll 
probably say that it's the one he'll get next Christmas. It's no different with you. 
If someone asks what your best design is, you'll probably answer that it will be your 
next one. That's how you work, looking toward the future, looking for something 
new. And that's why Philips is the perfect partner to help you peek around the 
corner. At Philips, we develop semiconductors that give you the power you need 
to think far into the future and the flexibility you want to negotiate constant change 
So even before your new idea comes, you already know who your partner will be 
to help you design it. 




PHILIPS 

sense and simplicity 



www.philips.com/ni 
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www.edn.conn 




Check out these online-exclusive articles: 
Decoder duo does DVB duiy 

Conexant Systems has rolled out a pair of 
DVB (digital-video-broadcast) decoders for 
satellite set-top boxes. 

www.edn.com/article/CA633483 

FEC technology promises smooth 
multimedia over 3G links 

Nokia will license Digital Fountain's FEC 
(forward-error-correction) technology, DF 
Raptor, which the 3GPP (Third Generation 
Partnership Project) recently adopted as 
an official global standard for the reliable 
delivery of multimedia to handheld devices. 
www.edn.com/article/CA632665 



Tool automates tedious IC register-file 
generation 

Denali Software is adding to its line-up a 
tool that automates the generation and 
revision of register views throughout the 
chip-design process. 

www.edn.com/article/CA632807 

Satellite-TV tuner has integrated LNA 

Zarlink Semiconductor has introduced 
what it claims is the first single-chip satel- 
lite tuner for FTA (free-to-air) satellite-DTV 
receivers. 

www.edn.com/article/CA632543 



Plug yourself into EDM's RSS feeds, 
Receive links to new articles as soon 
as we publish them. 
www.edn.com/rss 
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VISIT THE DESIGN IDEAS HOME PAGE 

Browse the latest Design Ideas 

Search the entire Design Ideas archive 

Explore Design Ideas by technical 
category 

Browse our "Best of Design Ideas" M 
collection ™ 

Learn how to get your Design Idea 
published— and make $1 50 

www.edn.com/designideas 



FROM THE VAULT 

Articles and extras from the EDN 
archives that relate to this issue's 
contents. 
Related to ... 

Double-barreled WiFi test (pg 44): 
WiFi and Bluetooth fight for bandwidth 

Bluetooth and WLAN are on a collision 
course— not in the market, but in the 
airwaves. 

www.edn.com/article/CA62931 2 




Related to ... 

Video over the Internet: Services and 
devices move closer to living-room 
convenience (pg 35): 

Video room service 

Product advances state of the art in 
wireless home-video networking. But 
there's still a long way to go. 
^ www.edn.com/article/CA49041 2 

Related to ... 

Get the message: Power-management 
protocol rides on industry bus (pg 55): 

Power-system communications support 
digital-power growth 

Power-bus standard enables digitally 
controlled power management. 
www.edn.com/article/CA601 847 




EDN BLOG: BRIAN'S BRAIN 

Senior Technical Editor 
Brian Dipert discusses a 
wide range of technolo- 
gy topics. Here's a 
recent sample: 
"The Broadcast Flag isn't 
fundamentally about protecting con- 
tent. It's about legally restricting con- 
sumers' access to content, and there- 
fore extracting additional revenue. If 
you're interested in preserving your 
personal-use rights in the digital-TV 
era, remain vigilant." 

www.edn.com/briansbrain 



Distributed power: taming the dragons 

New architectures and packaging are 
teaming to tame the tiny voltage drops 
that so easily spell disaster in systems 
whose supply voltages will soon be 
measured in mere millivolts. 
www.edn.com/article/CA3 1 0390 

Power-industry coalition announces 
PMBus standard, forms SIG 

- www.edn.com/article/CA514426 

Related to 

Choose your watchdog timer with 
reliability in mind (pg 30): 

Windowed-watchdog timers enhance 
system security 

A supervisory function enables system 
recovery to prevent execution errors. 
www.edn.com/article/CA621 644 

Use a watchdog timer even 
with perfect code 

A watchdog timer may one day save 
your life or, better yet, your career. 
www.edn.com/article/CA289962 

Design Idea: Watchdog timer allows 
entry to test mode 

www.edn.com/article/CA92004 
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WHAT'S IMEXXT? 



Nexxim— the next state of the art in circuit sinnuiation— delivers unnnatched ievels of 
capacity, robustness, accuracy and speed for RF/Mixed-Signal IC and High-Performance 

Signal Integrity applications. 

Only Nexxim can address the increasingly complex, nonlinear and full-wave circuit 
behavior of RFCMOS,GaAs/SiGe RF ICs, Gigabit computer and communication backplane 
design. And combined with Ansoft Designer™, HFSS™ and Q3D Extractor™, Nexxim 
provides the most complete RF/AMS circuit design solution commercially available. 
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THE NEXT STATE OF THE ART IN CIRCUIT SIMULATION 
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TO SEE WHAT'S NEXXT, GO TO: 

ANSOFT.COM/WHATSNEXXT 



Bergquist Thermal Clad Lets 
You Build Capacity Not Size. 




ACTUAL POWER BOARD 
(18) parts of hardware (30)FETs on (1) T-Clad board 

Increase power load capacity. 

Innovation in motor control is driven by market demand for 
power in smaller packages, extended motor life and improved 
power outputs. Kinetek, a motor control manufacturer known for 
the most advanced motor drives in the industry understands these 
market drivers. Kinetek came to Bergquist with their latest design 
looking for ideas on how to improve the thermal and mechanical 
design of the power board section in the motor control. Bergquist 
suggested Thermal Clad? an insulated metal substrate, as a substi- 
tution for their FR-4 heat sink through-hole component design. 

The new Thermal Clad design for Kinetek resulted in a reduction 
of assembly hardware from 130 to 1 8, a highly automated surface 
mount assembly an increase in power capacity of 30% and a lower 
overall profile. 

"Under heavy load, 
Thermal Clad dissipated the 
heat better than any other 
methods and reduced our 
profile from 128 mm to 73 mm'.' 

Bill Mueller, 
Sr Project Engineer 
of Kinetek Controls 




ACTUAL POWER BOARD ASSEMBLY 
AND HARDWARE COMPONENTS 
(130) parts of hardware (30)FETs minus FR4 board 

Proven materials and flexible designs. 

Thermal Clad dielectrics provide the electrical isolation needed to 
meet operating parameters and agency test requirements.Thermal 
Clad has the ability to be fabricated in a wide variety of form 
factors, including curves, holes and 3-D elements.Thermal Clad is 
available in either aluminum or copper based substrates, in a variety 
of different thicknesses. 

With Thermal Clad, overload capacity is 
increased and power MOSFETs operate 
cooler If you'd like to reduce the profile of 
your motor control design while at the same 
time increasing power load capacity call on 
Thermal Clad. 

Contact us today for your 
FREE* Select Sample Kit. 

To qualify for your FREE Thermal Clad 
Select Sample Kit, call or email us at: 

www.bergquistcompany.com/tcladpower 
or call 1-800-347-4572 




FREE KIT 
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18930 West 78th Street Chanhassen, MN 55317 • (952) 835-2322 Fax (952) 835-0430 • www.bergquistcompany.com 
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BY BILL SCHWEBER, EXECUTIVE EDITOR 



When "the next big thing" isn't 

We're in an industry that is defined by change. We've 
learned to live with it and profit from it, even if we 
don't like it, it unsettles us, or it changes our busi- 
ness model 
One of the most significant changes that we have 
seen is the increasing role of consumer electronics 
in our industry — from ICs through end products and software. This trend 
is a distinct shift from the industrial, instrumentation, commercial, and 
military/aerospace applications that traditionally dominated and defined 
our products and applications. Now, we need extremely high volumes to 
support the incredibly expensive fabs that implement the progression of 
Moore's Law. Or, is it the other way around, and we need the costly fabs 
to provide the volume of components? It's hard to say which comes first, 

because both factors — chip demand th6 flGXt blCI 

and fab capacity — tend to drive each jj. l 

other in a recursive, positive-feedback, Inlny QOGSTl T lldP" 

reinforcing manner DBn Of It haODenS 

How much or the electronics busi- . . , - 

ness depends on mass-market consumer witn someone else. 

products? It's hard to say, because there Q COmpany'S fOf" 

tunes may change 
dramatically. 

are so many legitimate ways 
to define and measure it, as 
well as inherent data inac- 
curacies. You can use 
component dollars, finab 
product dollars, number of 
units of either of those, alio- 
cation of R&D efforts, and 
more. The numbers I have 
seen put the consumer part 
of our industry at 30 to 
50% of the total business, 
up from around 10 to 
20% just 20 years ago. 
With this change in in- 
dustry focus comes a change 



in business strategy, for both established 
vendors and newer players. Everyone is 
looking for the next big thing, to ride 
the wave of success that will drive vob 
ume, yield enormous returns on invest- 
ment, lock up a market for a few years, 
and magically solve all sorts of problems 
for the winners. Being on the right side, 
at the right time, of this "killer app" is 
the objective. 

There are short- and long-term down- 
sides to this quest. It is impossible for 
100 companies to each get 10% of the 
market, and, when you bet big, you can 
lose big, too. This situation contrasts 
sharply with the climate just a few years 
ago, when companies would boast 
about diverse customer bases and note 
that no single customer or application 
accounted for more than a tiny fraction 
of their businesses. Now, they proudly 
note the opposite: that relatively few 
big customers are significant portions of 
their revenue. Of course, that's true 
only until a few of those key accounts 
go elsewhere. When the next big thing 
doesn't happen or it happens with 
someone else, a company's fortunes may 
change dramatically. 

There's another side effect that 
should concern you. The application- 
engineering departments at most ven- 
dors are usually key resources in help- 
ing users successfully implement and 
complete solid, respectable designs. As 
vendors focus on that handful of key 
customers representing the next big 
thing, they have less incentive to pro- 
vide support to the individually small- 
er, but broader, potential-user base. In 
fact, for many application-specific ICs, 
there are only a few viable customers. 
(After all, how many OEMs specialize 
in integrated disk-drive controllers and 
read/write channels?) So, some appli- 
cation departments are really auxiliary 
design teams for key customers. This 
approach might make business sense, 
but it could hinder the long-term devel- 
opment of industry engineering talent, 
depth, and versatility. EDN 



Contact me at hschweher@edn.com. 
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Oa>f the Size. Half the COSt. 

Half Your Test Time. 






Introducing Keithley^s Series 2600 SourceMeter" Instruments 

Highly versatile, multi-channel I-V test solutions that will slash your test time and 
lower your test system cost of ownership. 



Integrate multiple instruments easily 
into one system to extend optimally up 
to 16 channels - and even more. 

Achieve up to 4X faster test speeds 

than the leading competitor for 
unmatched throughput. 

Get intuitive intelligence with the 
embedded Test Script Processor (TSP™) 

for high-speed, automated test sequences. 




Save up to 400% in rack space 

over the leading competitor with 
the multi-channel capability inherent 
in each Series 2600 SourceMeter 
instrument. 

Reduce your software develop- 
ment time with Test Script Builder 
and LabTracer™2.0 software tools 
and standard test scripts that speed 
test sequence development. 



Four Channels in only 2U Space 

Unbelievable? Give us five minutes and well cut your test time by 50% with these third-generation, 
single- or dual-channel SourceMeter instruments. Visit www.keithley.com/at/140.html. 

Keithley's Series 2400 SourceMeter Family also offers a wide range of versatile source and measure solutions. 

Call 1-800-588-9238 to find out more. 



KEITH LEY 



A GREATER MEASURE OF CONFIDENCE 
info@keithley.com • 1-800-588-9238 • Fax 440-248-6 1 68 



Micrel's MIC2207 3A Solution Buck Regulator 
Over 33% Smaller At 0.394 inch^ 




M iCrcTS MIC2207 is a high efficiency PWM buck 
(step-down) regulator that provides up to 3A of output 
current. The MIC2207 operates at 2MHz and has propri- 
etary internal compensation that allows a closed loop 
bandwidth of over 200KHz. 

The low on-resistance internal p-channel MOSFET of the 
l\/IIC2207 allows efficiencies of more than 94%, reduces 
external components count and eliminates the need for 
an expensive current sense resistor. The MIC2207 operates 
from 2.7V to 5.5V input and the output can be adjusted 
down to IV. The device can operate with a maximum duty 
cycle of 100% for use in low-dropout conditions. 

For more information, contact your local Micrel sales 
representative or visit us at: www.micrel.com/ad/mic2207. 



The Good Stuff: 

♦ 2.7 to 5.5V supply voltage 

♦ 2MHz PWM mode 

♦ Output current to 3A 

♦ >94% efficiency 

♦ 100% maximum duty cycle 

♦ Adjustable output voltage option down to IV 

♦ Ultra-fast transient response 

♦ Ultra-small external components stable with a 1|iH 
inductor and a 4.7|iF output capacitor 

♦ Fully integrated 3A MOSFET switch 

♦ Micropower shutdown 



www.micrei.com 



© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. 
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Accelerate 
Your Data 
Analysis 

National Instruments DIAdem 
gives you a unified environment 
for data analysis and report 
generation. This software offers 
analysis and report generation 
capabilities that directly 
increase your productivity. 




I 



Maximize your data 
investment and reduce 
your data analysis time by: 

• Managing data from multiple 
databases and file formats 

• Inspecting data in a 
dynamic environment 

• Analyzing data using 
engineering math libraries 

• Reporting results with 
customized, reusable reports 



Read the white paper on how to reduce your 
data analysis time by as much as 90 percent. 
Visit ni.com/info and enter ebym29. 

(800) 991-9013 



fir NATIONAL 
INSTRUMENTS 



© 2004 National Instruments Corporation. All rights reserved. Nl DIAdem and ni.com 
are trademarks of National Instruments. Other product and company names listed 
are trademarks or trade names of their respective companies. 




Until boards and profiles are redesigned to 
meet high temperature requirements, attach 
lead-free BGA devices to our Adapters and 
simply plug in to existing boards processed 
with our footprint-matching BGA Sockets. 



With the conversion to lead-free electronics, device packages are changing 
faster than ever. Whether your application calls for package conversion, signal 
modification, or adding functionality with electronic enhancements. Advanced® 
Adapters can extend the life of your existing PC boards and bridge the transition 
to RoHS Compliant manufacturing. When redesigning boards isn't an option, 
count on Advanced to help you adapt. 



To learn more, visit us online at 
http://www.advanced.com 




or call 1.800.424.9850. 5 Energy way, west Warwick, Rhode island 02893 USA 



IC SOCKETS AND ADAPTERS ■ BOARD TO BOARD CONNECTORS ■ PEEL-A WAY® CONNECTORS 9001 




Passives step up to meet gigahertz needs 

It's not just that ICs are getting faster; their critical support pas- surface-mount, MLCs (multilayer capacitors) use Ni-AI (nickel- 
sives have to move up in bandwidth, as well. The GZ capaci- aluminum) terminations and feature resonance-free performance 

of less than 0.5-dB dip through at least 26.5 G Hz. Their footprints 
match the 0.01 5-in. (0.38-mm) and 0.020-in. (0.51 -mm) mi- 
crostripline-design widths that are common in pc boards for 
these frequencies. Prices range from $1 to $4. 

The company also offers 0603-sized units based on porce- 
lain and ceramic MLC design and featuring high Q and low ESR 
(equivalent series resistance). The SQCS series has capacitance 
of 0.1 to 100 pF. The 250V units target use in 1-MHz to 10- 
GHz systems, and they also sport the desirable NPO charac- 
teristic of stable specifications over an operating-temperature 
range of -55 to + 1 25°C. They sell for 4 to 50 cents, depend- 
ing on value and volume. 

For inductance values of 0.82 to 6.8 nH, the gigahertz-range 
SQ series uses thin-film technology in 0402-sized land-grid-ar- 
ray cases. According to Product Manager Larry Eisenberger, 
"This is the thin-film equivalent of wirewound inductors, capable 
of any value in the range, at tolerances that are much tighter than 
those offered by wirewound." The SQ series devices sell for 1 
to 30 cents.-by Bill Schweber 
>AVX Corp, www.avx.com. 



I tor series from AVX Corp provides dc-blocking operation at the 
1 5-kHz to 40-GHz bandwidth that optical transceivers use. The 




Reaching the 40-GHz world of optical transceivers, the GZ ca- 
pacitor series from AVX targets the implementation of dc-blocking 
functions in packaging that matches standard microstripline 
widths. 



Dual-channel PMC card offers graphics options 



Curtiss-Wright Controls Embedded Com- 
puting has introduced a dual-channel, high- 
resolution PMC graphics controller for VME, 
CompactPCI, and PCI systems. The compa- 
ny based the AtlasPMC/ID on ATI Tech- 
nologies' (www.ati.com) Radeon M9 mobile 
graphics processor, which supports dual 2- 
D-, 3-D-, OpenGL-, and DirectX-compatible 
displays with as many as 1 6.7 million colors. 
The M9 integrates 64 Mbytes of memory, 
reduced-power features, a video output, and 
quad-pipeline 2- and 3-D acceleration to re- 
duce host-processor overhead. 
Operating in to 70°C environments, the 



module displays analog-VGA screen resolu- 
tions as high as 1920X1200 pixels over 
both of its front-panel connectors, and de- 
signers can also configure it to output dual 
digital-video channels at resolutions as high 
as 1600x1200 pixels. The card's second 
channel supports NTSC or PAL TV-video- 
signal output. Curtiss-Wright provides soft- 
ware support for Linux, Windows, and 
Solaris operating environments. The Atlas- 
PMC/ID sells for $1750 (one). 

—by Warren Webb 
Curtiss-Wright Controls Embedded 
Computing, www.cwcembedded.com. 




The AtlasPMC/1 D supports dual 2-D-, 
3-D-, OpenGL-, and DirectX-compatible 
displays with screen resolutions as high 
as 1 920X 1 200 pixels and optional digital 
video. 
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Degausser ensures 

total magnetic-media erasure 

Everyone is concerned about security at the net- 
work, format, and physical levels. So, how do you 
quickly and thoroughly wipe clean those hard 
disks, tapes, and floppy disks? Software can per- 
form repeated overwrites, but the results may not 
be secure enough, the software takes time to run, 
and you may not even have a viable drive unit or 
controller for the old media. 

Instead, consider the Mobile Mag EraSure from 
Security Engineered Machinery. This permanent- 
magnet-based degausser requires no power sup- 
ply and delivers flux density of 5000 to 13,000 
gauss, corresponding to coercivity as high as 4200 
oersteds. Using rare-earth NdFeB (neodymium- 
iron-boron) magnets, the unit includes a hand 
crank that, when the user turns it, pushes the sub- 
ject drive or tape into and 
out of the box for total era- 
sure in less than 60 sec 
The 44-lb (20-kg) unit 
measures 24X1 1 X7.5 in. 
(61 X30X19 cm) and costs 
approximately $25,500. Just 
be careful where you put it 
and how you transport it. 

-by Bill Schweber 
Security Engineered 
Machinery, www.semshred. 
com. 




You can completely 
erase tiny magnetic do- 
mains, whether they re- 
side on hard-disk drive, 
floppy disk, or tape, us- 
ing the Mobile Mag 
EraSure. 



Ise 



Support for small 
processors grows 



m: 



[ icrochip's support of 
small processors in- 
I eludes new PIC de- 
vices, a new 4x4-mm QFN- 
package option for 1 4 devices 
ranging from eight to 20 pins, 
upgraded development tools, 
and a PICdem demonstration 
board. The new processor de- 
vices include the PIC16F690 
family that incorporates im- 
proved peripherals, such as a 
new dual-comparator peripher- 
al architecture. The PIC 16- 



m FEEDBACK LOOP 

"Ah, yes— the 
Harvard MBA men- 
tality. Focus only on 
next quarter's prof- 
its and not the big 
picture. Don't you 
know? We're all go- 
ing to have a won- 
derfully advanced 
standard of living 
by selling hot dogs 
to each other ROMS 
(restriction of haz- 
ardous substances) 
be damned." 

Steven J Ackerman, in EDM's 
Feedback Loop at www. 
edn.com/article/CA60 1510. 
Add your comnnents. 



F690-family devices are avail- 
able for sampling and in volume 
production in 20-pin PDIP, 
SOIC, SSOR and QFN pack- 
ages with prices starting at 
$1.78 (10,000). In addition to 
the new comparator architec- 
ture, the PIC16F506/12F510 
devices feature a 1 .1 25-msec 
device-reset timer and a faster 
internal oscillator that can op- 
erate at 8 MHz with strong 
stability across its rated volt- 
age and temperature range. 
Both devices are available for 
general sampling with volume 
production planned for late 
2005. The PIC12F510 sells 
for 81 cents (10,000), and the 
PIC1 6F506 sells for 90 cents 
(10,000). 

The small-form-factor PIC- 
10F220/10F222 family inte- 
grates an 8-bit ADC in an 
SOT-23 package that is the 
size of a transistor. These de- 
vices are available for limited 
sampling in six-pin SOT-23 
packages; volume production 
for both microcontrollers will 
begin in the fourth quarter of 
2005. The processors are 
available for 65 to 74 cents 
(10,000). The PIC16F639 
family rounds out the new de- 
vice offerings by featuring a 
125-kHz wireless-communi- 
cation analog front end and 
Keeloq security to target pas- 
sive-keyless-entry applica- 



tions. The PIC1 6F639 is avail- 
able for sampling in a 20-pin 
SSOP, and volume production 
will begin in the third quarter; 
the PIC16F639 sells for 
$2.18(10,000). 
To better support software 



DllbERJ By Scott Adams 



THIS DEPARTtAENT 
HAS NOTHING TO 
FEAR. ABOUT THE 
REORGANIZATON 
BUT FEAR ITSELF. 





OKAY. I'lA PRETTY SURE 
THAT THAT DOESN'T 
KEAN ANYTHING. 



r^AYBE LESS. 




development, the PICkit 2 
starter kit will become avail- 
able to designers in August for 
as little as $34.99. The PIC- 
dem Mechatronics demonstra- 
tion kit shows engineers how 
to use the PIC microcontrollers 
in electromechanical or mech- 
atronic systems; the kit in- 
cludes nine projects showing 
designers how to read sen- 
sors, drive brush dc or stepper 
motors, and display values on 
LEDs or LCDs. The PICdem is 
available for $149.99. 

—by Robert Cravotta 
Microchip, www.microchip. 
com. 



20 EDN I SEPTEMBER 1, 2005 



DATA CONVERTERS 



High Speed, Top Performance! 

13-Bit, 250-MSPS ADC 




ADS544X Dynamic Performance 
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Sample Application: Wideband, High IF DPD Feedback Receiver 

Diplexer 



OO 00 



C64x™ GC5016 GC1115 
GC5316 




PA Linear 
Feedback 
Path 



ADS5444 



The new ADS5444 from Texas Instruments sets a new benchmark for high-speed 
ADCs, providing best-in-class performance at 250 MHz. Look to Tl for a complete 
portfolio of high-speed ADCs, including the recently announced ADS5440 13-bit, 
250 MSPS ADC. 





Resolution 


Speed 


SNR 


SFDR 


Device 


(Bits) 


(MSPS) 


(dBc) 


(dBc) 


ADS5444 


13 


250 


68 at 230 MHz IF 


75 at 230 MHz IF 


ADS5440 


13 


210 


68 at 230 MHz IF 


79 at 230 MHz IF 


ADS5500 


14 


125 


69.5 at 100 MHz IF 


82 at 100 MHz IF 


ADS5424 


14 


105 


74 at 50 MHz IF 


93 at 50 MHz IF 


ADS5541 


14 


105 


71 at 100 MHz IF 


86 at 100 MHz IF 


ADS5423 


14 


80 


74 at 50 MHz IF 


94 at 50 MHz IF 


ADS5520 


12 


125 


68.7 at 100 MHz IF 


82 at 100 MHz IF 


ADS5521 


12 


105 


69 at 100 MHz IF 


86 at 100 MHz IF 




► Applications 

- Software-defined radio 

- Base stations: 

- Wideband receiver 

- High IF receiver 

- PA linearization 

- Instrumentation 

- Test and Measurement 



► Features 

- 100 MHz IF: SNR : 
SFDR = 73 dBc 



68.7 dBc; 



I - 



230 MHz IF: SNR = 68 dBc; 
SFDR = 75 dBc 

Fully buffered analog inputs 

2.2 Vpp differential input 
voltage 

3.3 V LVDS compatible 
outputs 

TQFP-80 PowerPAD^^ 
package 

Industrial temperature 
range -40°C to +85°C 

Price: $95 1k 



u 



Amplifier and Data Converter 
Datasheets, Sannples, Eva 

www.ti.com/ads5444 o 800.477.8924, ext. 2695 



New! 

Selection Guide, 
luation Modules 




TM ■ « 

Technology for Innovators ^ TEXAS Instruments 



PowerPAD, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 171 AO 
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Resistors keep their cool, 
even when the system doesn't 

Targeting operation in not-so-benign environments, 
new chip resistors, voltage dividers, and resistor 
networks from the IRC Division of TT Electronics 
meet all critical specs over the -65 to +200°C 
range. The PFCD-HT SMT voltage dividers come in 
a 1206 package, and theTaN (tantalum-nitrogen)- 
film-based PFC-HT chip resistors come in 0603, 
0805, and 1206 packages. The 1900HT and 4700HT 
DIP and SIP networks are available in a variety of 
nominal values to match application needs. 
The voltage dividers have absolute tolerance of 
±1% and temperature coefficient as low as ±25 
ppm/X with ratio tolerances to ±0.1% and tracking 
to ±5 ppm/X over the full 
temperature range 

Specifications for the 
chip resistors and DIP/SIP 
networks are similar. Power 
rating for the dividers is 125 
mW; for the chip resistors, 
it spans 62.5 to 125 mW, de- 
pending on value. For the 
DIP networks, it is slightly 
greater than 1 W, and, for 
the SIP networks, it is 0.24 
to 0.32 W. Prices range 
from $1 to $5. 

-by Bill Schweber 
IRC Inc, TT Electronics 
PLC, www.irctt.com. 




As your system gets hotter 
and hotter, you needn't 
worry about resistors drift- 
ing too far from their nomi- 
nal specifications with 
these SMT voltage di- 
viders, chip resistors, and 
SIP and DIP networks 
from IRC/TT Electronics. 



Pulse 



2G-sample/sec waveform 
generators resolve 1 4 bits 
vertically, 1 2 digits in frequency 



Six new arbitrary-func- 
tion generators from 
Tektronix, the AFG- 
3000 series, generate sine, 
square, pulse, arbitrary, ramp, 
sin(x)/x, gaussian, Lorenz, ex- 
ponential rise/decay, haver- 
sine, and noise waveforms, as 
well as dc voltages. The 9.9-lb 
units sell for $1780 to $8500 
and are available in 6.2x1 3x 
6.6-in. cases approximately the 
size of the company's TDS- 
3000-series digital scopes. 
Three of the units produce sin- 
gle-channel outputs, and three 
produce two-channel outputs. 

The lowest priced family 
members create sine waves 
with frequencies to 25 MHz; 
square waves, pulses, and ar- 
bitrary waveforms to 12.5 
MHz; and other waveforms to 
250 kHz. For the midpriced 
units, the three frequency 
ranges extend to 1 00, 50, and 
1 MHz, and,forthetop-of-the- 
line units, the ranges extend to 
240, 120, and 2.4 MHz. For all 
six units, the lowest output fre- 
quency for all three waveform 
classes is 10"^ Hz; the fre- 
quency resolution is 1 julHz, or 
12 digits; timebase stability is 




The AFG3252 (top) and the 
AFG3251 (bottom), two- and 
one-channel arbitrary function 
generators, reconstruct wave- 
forms at rates as high as 2G 
samples/sec. 



± 1 ppm/year; vertical resolu- 
tion is 14 bits; and amplitude 
resolution is 0.1 mV p-p, or 
four digits. 

The arbitrary-waveform mem- 
ory of the lowest priced units is 
1 k to 64k samples, and the 
maximum rate at which the 
units convert digital values to 
analog is 250M samples/sec. 
The same sample rate applies 
to the midpriced and top-of- 
the-line units when waveform 
data sets comprise 16k to 
1 28k samples. For data sets of 
16k samples or fewer, the 
midpriced units can convert at 
1 G sample/sec. For data sets 
of the same size, the top-of- 
the-line units can convert at 
2G samples/sec. 

All units can perform ampli- 
tude, frequency, phase-width, 
and pulse-width modulation, 
as well as frequency-shift 
keying and linear and loga- 
rithmic sweeps. The low- 
priced and midpriced units 
deliver 1 0V p-p into 5011, and 
the wider bandwidth, top-of- 
the-line units deliver 5V p-p 
into 50n. The two lowest 
priced units include front and 
rear USB ports for attach- 
ment of a memory-stick de- 
vice and connection to a host 
PC, respectively. To the USB 
ports, the midpriced and top- 
of-the-line units add LAN and 
IEEE 488 connections. AFG- 
3000 generators' proprietary- 
waveform format is compati- 
ble with Tektronix's free Arb- 
Express 2.0 waveform-cre- 
ation and -editing software. 
ArbExpress, which is also 
compatible with most Tek os- 
cilloscopes and with The 
MathWorks (www.mathworks. 
com) Matlab, also supports 



CSV (comma-separated-val- 
ue) format for compatibility 
with many other applications, 
including Excel (www.micro 
soft.com). 

All of the generators sport 
5.6-in. LCDs, which, except 
for that of the lowest priced 
unit, produce color displays. 
The displays provide informa- 
tion in both numeric and 
graphical forms. Although the 
graphical displays resemble 
those of oscilloscopes, Tek 
points out that the generators 
are not scopes. For example, 
if you set the generator to 
produce a sine-wave carrier 
at, say, 500 kHz, with ampli- 
tude modulated by another 
sine wave at 1 kHz, you might 



expect to see the carrier sine 
waves scrunched-up. You 
might also expect them to be 
displayed as a bright band 
whose amplitude the modu- 
lating audio-frequency sine 
wave determines. Instead, the 
generator represents the car- 
rier frequency by a much low- 
er frequency, so you can see 
the carrier-frequency waves' 
sinusoidal shape. On the gen- 
erator's screen, only 1 3 carri- 
er-frequency sine waves ap- 
pear in two cycles of the 
modulation— a far cry from the 
1 000 cycles in the waveform 
the generator produces. 

-by Dan Strassberg 
Tektronix Inc, www. 
tektronix.com. 
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REFERENCE 



Low-Drift 4ppm/''C Voltage Reference 
with 4-Wire Connection 




'gnd 



Sense 



The new REF32xx family of voltage references uses an innovative, industry-first, 
4-wire technique, fast recovery (60|js) shutdown, improved accuracy, and is stable 
with any capacitive load. Small size and low power consumption (120|jA max) make 
it ideal for portable and battery-powered applications. 

Available Output Voltages 



► Applications 

- Portable equipment 

- Data acquisition systems 

- Medical equipment 

- Test equipment 

► Features 

- 7ppm/°C (max) at 0°C 
to +125°C 

- 17ppm/°C (max) at -40°C 
to +125°C 

- Supply current: 
-Typical 100mA 
-Shutdown I^A 

- High output current: ±10mA 

- Low dropout: 5mV 

- SOT23-6 

- Pricing: $1.70 in 1,000s 







Initial 


Temp. Coeff. 


Long-Term 


Noise 




■q 




Price 




Output Voltage 


Accuracy 


(ppm/°C) 


Stability 


(0.1 to 10Hz) 


Reference 


(mA) 




Starts 


Device 


(V) (typ) 


(%) (max) 


(typ) 


(max) 


(ppm/kHr)(typ) 


(MV„„)(typ) 


Type 


(max) 


Package 


at Ik 


REF02 


5 


0.2 


4 


10 


50 


4 


Buried Zener 


1,400 


DIP-8, SO-8 


$1.90 


REF102 


10 


0.05 




2.5 


5 


5 


Buried Zener 


1,400 


DIP-8, SO-8 


$1.75 


REF1004X 


1.235,2.5 


0.3 


20 


23 


20 


18 


Shunt 


0.01-20 


SOIC-8 


$1.30 


REF29XX 


1.25,2.048,2.5,3,3.3,4.096 


2 


35 


100 


24 


20-45 


Bandgap 


50 


S0T23-3 


$0.49 


REF1112 


1.25 


0.2 


10 


30 


60 


25 


Shunt 


0.001-5 


S0T23-3 


$0.85 


REF30XX 


1.25,2.048,2.5,3,3.3,4.096 


0.2 


20 


50 


24 


14-45 


Bandgap 


50 


S0T23-3 


$0.60 


REF31XX 


1.25,2.048,2.5,3,3.3,4.096 


0.2 


5 


15 


70 


17-53 


Bandgap 


115 


S0T23-3 


$1.10 


REF32XX 


1.25,2.048,2.5,3,3.3, 4.096 


0.2 


4 


7 


55 


17-53 


Bandgap 


1/135 


S0T23-6 


$1.70 




NEW! 

Amplifier and Data Converter Selection Guide, 

Datasheets and Samples 



www.ti.conn/ref3212 o 800.477.8924, ext. 12745 
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fflGLOBAL DESIGNER 

Printed circuitry 

takes on a new meaning 



Research organization 
QinetiQ will soon begin 
a research program fo- 
cusing on printing complete 
electronic circuits, including 
both active and passive de- 
vices. With funding from both 
the United Kingdom's Ministry 
of Defense and Department of 
Trade and Industry the pro- 
gram will explore the feasibility 
of applications in both con- 
sumer electronics and defense. 

Earlier work in active-circuit- 
ry printing has focused largely 
on high-volume, low-cost appli- 
cations, says project leader and 
QinetiQ Research Fellow Ian 
Sage, PhD. By contrast, his 
program will first develop ma- 
terials and then examine ways 
of applying them to areas in 
which users might derive other 
benefits. 

In the consumer area, a pos- 
sible route is the development 
of production processes that 
could combine low manufac- 
turing cost with the ability to 
produce short runs of products 
with different configurations 
and features. The research 
could also result in reductions 
in the size and cost of many 
electronic products and allow 
designers to add electronics in 
other ways, such as in fabrics 
or product packaging. 

Possible defense applica- 
tions include printing electron- 
ic circuitry onto substrates, in- 
cluding curved shapes, to add 
functions to an object without 
adding materially to its weight 
or volume. Examples might in- 
clude adding features to a hel- 
met or other items of clothing 
without impacting their primary 
functions. 

Earlier work has also fre- 



quently centered on display 
technologies. For example, the 
ability to print the active tran- 
sistors that every pixel of a TFT 
(thin -film-transistor) display re- 
quires, using deposited con- 
ductive polymers instead of 
etched amorphous silicon, 
could represent an economical 
route to mass-producing dis- 
plays. Such an approach could 
also be more environmentally 
friendly than conventional 
technology Sage points out. As 
an additive rather than subtrac- 
tive process, it potentially dis- 
penses with the need for large 
quantities of aggressive etch- 
ing chemicals. For high-volume 
manufacturing, previous work 
envisaged production process- 
es such as continuous printing 



on rolls of flexible substrates or 
on large sheets. The QinetiQ 
project will also look at the pos- 
sibilities for large-screen dis- 
plays for TV and advertising 
applications. 

QinetiQ has demonstrated 
the ability to print fine metal 
lines with a feature size of ap- 
proximately 1 micron, to build 
thin-film FETs. The process, 
"soft lithography," forms a relief 
mold of the required pattern in 
a polymer material, which in 
turn deposits the conductive 
elements by a pad-printing 
process. It deposits carefully 
engineered inks with high res- 
olution. The ink then binds met- 
al selectively onto the surface 
to form the complex structures 
that active devices need. In 
contrast, ink-jet techniques, 
which previous systems used, 
are limited to features no small- 
er than tens of microns. The 
QinetiQ process will use con- 
ventional digital printing tech- 



niques, such as ink jet, in the 
interconnect-deposited com- 
ponents. 

Materials that designers can 
use to print semiconducting 
layers have typical electron 
mobilities of 0.1 cmW-sec, 
Sage notes-a fraction of that 
of silicon. Nevertheless, with 
continuing progress in materi- 
als technology he anticipates 
that designs should be able to 
achieve switching speeds into 
the megahertz region. 

Obser\/ing an impetus in or- 
ganic electronics in general. 
Sage says, "A lot more work is 
needed, but the technology also 
offers a huge opportunity to 
quickly add electronics to de- 
fense equipment at low cost. 
And we can expect to see prod- 
ucts using printed electronics 
beginning to appear in stores by 
the end of the decade." 

-by Graham Prophet, 
EDN Europe 
p^QinetiQ, www.qinetiq.com. 



Ecosystem supports 
collaborative product deveioom 



ADI's (Analog Devices Inc's) India development center is focusing on DSP design and ap- 
plication engineering and helping Indian companies develop products for domestic and in- 
ternational markets. MobiApps, a Bangalore-based provider of hybrid terrestrial and satellite 
technologies for commercial communications, has developed the mIOOD QEM transceiver 
for tracking and industrial remote communications. The mIOOD operates using the 
Qrbcomm low-earth-orbit satellite network and targets fleet-tracking and remote asset- 
management applications. 

MobiApps based the mIOOD on the ADI Blackfin DSP, which handles Qrbcomm base- 
band signals; an ADI GPS RF downconverter; and a MobiApps' discrete RF module. 
Commenting on the use of ADI embedded processors in the design, T Narayana Rao, 
program manager at ADI India, says, "By using the Blackfin DSP, MobiApps has been able 
to reduce the size of its product by 50%. A single Blackfin processor does the GPS base- 
band processing, Qrbcomm satellite modem communication, and host processing. This 
[approach] eliminates the need for three processors." ADI developed Blackfin, a 1 6/32-bit 
embedded processor, at its Indian development center. 

In addition to the processor, MobiApps also received software-system-engineering assis- 
tance from ADI. MobiApps, ADI, and other Indian strategic-development partners jointly de- 
veloped the GPS engine and associated communications that the MobiApps application 
uses, explains Rao. The MobiApp transceiver also incorporates a proprietary memory archi- 
tecture to support over-the-air reprogramming for simplified field logistics. 

-by Chitra Giridhar, EDN Asia 

Analog Devices Inc, www.analog.com. 

MobiApps, www.mobiapps.com. 
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STILL THE DESIGN LEADER AND 
STILL KEEPING OUR COOL. 
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PowerQUICC II Pro MPC8360E Family with QUICC 
Engine Technology: ^ 

» Integrates a powerful eSOO PowerPC CPU, security 
engine, PCI, DDR memory controllers and the versatile 
QUICC Engine 

» Supports Gigabit Ethernet, ATM 
(124 MPHY), TDM and Full-Speed USB 

» Enables "Any protocol. Any interface" 
connectivity and advanced multi- 
protocol interworking 

» Ideal for 3G wireless infrastructure, 
IP DSLAM, MSAN, Business 
Gateways/office- in -a -box, 
and routing solutions 



For over ten years, PowerQUICC™ has set design 
standards in communications processors thanks to 
a highly integrated PowerPC® core combined with 
a separate RISC-based communications processor 
module that excels at Layer 2 applications. 

Now, 185 million communications processors later, 
Freescale introduces QUICC Engine™ technology- 
a revolution in high performance and low power 
dissipation. Featuring two dedicated RISC 
processors running up to 500 MHz, the QUICC 
Engine architecture is the next generation CPM. It 
delivers more than four times the throughput, 
supporting applications at Layer 3 and above, and 
includes support for DDR memory. Gigabit 
Ethernet, OC-12 ATM and TDM while staying 
cooler than the competition. 

These new capabilities let you address the "3 Cs" of 
today's communications marketplace: Convergence 
to IR Compatibility across software platforms and 
Cost reductions for next generation wireless and 
wireline access equipment. 

Keep your cool by choosing the design leader. 
Register for a free interactive demo on how to 
automate, initialize and configure QUICC Engine using 
CodeWarrior™ for QUICC Engine Utility software. 

Register for your free interactive demo at 
freescale.com/QUICCengine 
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Q&A 

The MathWorks' 
Andy Grace 
on simulation 

Andy Grace is vice president of engineering for 
design tools at The MathWorks. He is responsi- 
ble for The MathWorks' family of model-based 
simulation, code-generation, and testing tools. 
He has more than 1 5 years of experience in soft- 
ware development and has been involved with a 
number of The MathWorks' product developments, including 
Simulink, Real-Time Workshop, Control System Design Toolbox, 
Optimization Toolbox, and Stateflow. He received his doctorate in 
computer-aided control-system design from the University of 
Wales in 1989. 



What led you to becoming 
an engineer? 

I loved making little cir- 
cuits that would flash 
lights or make sounds when I 
was a kid. Then, when my 
school bought a Z80-based 
computer back in 1980, I be- 
came hooked on program- 
ming. In graduate school, I got 
hooked on an early version of 
Matlab, wrote an add-on prod- 
uct, and that's how I ended up 
at The MathWorks. 

What has been the impact 
of more powerful PCs? 

I think it goes without 
saying that more pow- 
erful computers have been 
tremendous enablers for engi- 
neers. Simulation, numerical 
optimization, and graphical 
programming are examples of 
technologies we work on that 
are much more widespread 
now that powerful machines 
are prevalent. The only bad im- 
pact I can think of is that, with 
these powerful numerical tech- 
niques, there is less reliance on 
theoretical or closed-form ap- 



proaches-and my PC will be 
obsolete in six months' time! 

Where do users of prod- 
ucts such as yours have 
the greatest misunder- 
standing? 

If you've used Matlab 
and Simulink before, 
you know the real benefit is 
that they give you a play- 
ground in which to learn, ex- 
plore, and innovate. When you 
enter new markets or address 
users who've never been ex- 
posed to these products, they 
often want canned functions, 
such as G U Is, and don't always 
fully appreciate the power of 
having two very powerful lan- 
guages-one textual, Matlab, 
and one graphical, Simulink— in 
which to explore ideas. 

How has the industry 
changed since the 1980s 
and 1990s? Who is now 
leading the R&D and prod- 
uct-development efforts? 
The MathWorks ad- 
dresses all industries 
in which you find engineers 




1' 



and scientists, so it's hard to 
make a general statement. 
One common theme I've wit- 
nessed over the last 1 years 
is that companies have be- 
come more focused on the 
process. Quality-process-im- 
provement initiatives, such as 
Six Sigma [a quality initiative 
that strives for 3.4 defects 
per million opportunities], are 
prevalent in many engineer- 
ing organizations. We have 
benefited from this approach, 
because organizations are 
trying to tie together dis- 
parate parts of their organiza- 
tions, such as R&D and pro- 
duction, and are looking for 
technologies such as model- 
based design to reduce cost 
and improve quality. 

What is model-based de- 
sign? 

"Model-based design" 
BUl^ is a term we've coined 
to refer to the process of us- 
ing models throughout a de- 
sign process. It starts with the 
conceptual phase, in which 
you might try out an idea us- 
ing a graphical model and sim- 
ulation. You elaborate the 
model adding more detail at 
each design iteration-for ex- 
ample, adding data types as 
you near the implementation 
phase for an embedded sys- 
tem. You test at each design 
iteration using any combina- 
tion of simulation, rapid-proto- 
typing, hardware-in-the-loop, 
and model-coverage inform 



ation. You automate the im- 
plementation through code 
generation, which eliminates 
hand-coding errors. 

Enormous benefit comes by 
tying together all these steps, 
so all groups are using the 
same models and talking the 
same language. For example, 
this approach means that you 
can reuse plant or environ- 
ment models, such as hard- 
ware-in-the-loop testing, that 
you've developed in the con- 
ceptual phase for testing of 
the implementation. And you 
eliminate a lot of waste by hav- 
ing an unambiguous exe- 
cutable specification, such as 
a simulatable model that is, us- 
ing code generation, also the 
implementation. 

Any comments on the 
state of engineering and 
science education? 

I believe that engineer- 
ing education has im- 
proved because students and 
professors have greater ac- 
cess to the tools that they will 
use in industry. They are much 
more readily able to put into 
practice what they've learned 
in the classroom. With more 
than 3500 universities world- 
wide having adopted Matlab 
and Simulink, we are continu- 
ing to see broader use of our 
products in diverse technical 
curricula. Students are now 
entering the workforce with a 
greater understanding of how 
to solve today's complex R&D 
and engineering challenges. I 
am someone who learns best 
by discovery so I have always 
found tools such as Matlab to 
be great learning vehicles. 

-by Bill Schweber 



MORE, 



AT EDN.COM 
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El For an extended ver- 
sion of this interview, go 
to www.edn.com/050901/ 
pq&a. 
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68K/COLDFIRE FAMILY 



WELCOME TO 32-BIT. 

IT'S NOW EASIER TO JUMP IN. 




DEVICE 


MCF521X 


MCF520X 


1 


Performance 


80MHZ/76MIPS 


166MHZ/159MIPS 


DSP-like 
Functionality 


M u Iti ply/Accu m u late 
(MAC) Module 


Enhanced MAC 
Module 


Connectivity 
Options 


CAN 2.0B 
Controller 


10/100 Ethernet Media 
Access Controller 




Memory 


Up to 256K bytes 
interleaved flash 


SDR/DDR/Mobile-DDR 
SDRAM Controller 


Power 

Management 


Distributed clocking, stop/wait/doze modes, 
and bypass features 


1 



Starting at $4.99 (US) 
in 10K unit volumes 




Now everyone can afford to take the plunge into 32-bit 
with the Freescale ColdFire® MCF520x and MCF521x 
devices. Starting below $5* (US), these devices remove 
the cost barrier to feature-rich, 32-bit performance. And 
they come with a level of integration you'd expect only 
from the world leader in 32-bit embedded control. 

Optimized for low-power, these ColdFire devices use 
distributed clocking, power management modes and 
bypass features to minimize power consumption. They 
offer the addressing space and memory headroom for 
optimizing control, connectivity and security applications. 
Plus these processors are upward code compatible with 
the extensive ColdFire roadmap. 

Reduce your development costs with affordable, full- 
featured kits that include both demonstration software 
and open source tools. We'll help you get up to speed 
quickly with our extensive 68K/ColdFire ecosystem and 
over 25 years of experience in 32-bit leadership. 



Save 20% on 
your ColdFire 
evaluation kit 
today. 



For a limited time only, you can order a full-featured 
ZigBee™ ready ColdFire MCF521x evaluation kit for 
only $240* (US). This kit comes complete with board, 
cables, power supply and software, including the 
CodeWarrior™ Special Edition. 

*AII quoted pricing is MSRP. 

freescale.com/coldfirefamily 




freescale 

semiconductor 



This product incorporates SuperFlash technology licensed from SST. Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or 
service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2005. 



Interface Implementation 



High Performance 
Analog Solutions 
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Power management and signal cliains demand a system approacli - 
tliat's winy Avnet Electronics Marketing and National Semiconductor 
together are such a powerful combination. 

— Power and signal chain products that blend maximum 
performance with overall efficiency 

— Collaborative engineering support from conceptual 
design through volume manufacturing 

— System level expertise to assist in determining the right 
architecture and products for your application 

— Factory-trained Field Application Engineers well 
versed in National's technology and tools 

— Broad portfolio of devices to compliment FPGA-based designs 

— Solutions sample kits to assist you in your designs 

Whether you're working on a portable, handheld, security, 
medical or other analog design, let Avnet EM help you solve 
your power and signal design challenges and get your 
application up and running. 
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For sample kits, web seminars 
and design tools, go to 
avnet.national.com 




National = « «i 

Semiconductor ^^^^ ffaSflwEM 

The Sight & Sound of Information '^^= electronics marketing 

Enabling success from the center of technology™ 

1 800 332 8638 



Avnet Green Initiative 



FPGA-Based Software-Defined 
Radio (SDR) Tectinology 

FPGAs play a critical role in cost- 
effectively implementing software-defined 
radio (SDR) technology in real-world 
applications. Through SDR, developers 
can create flexible high-speed 
communications equipment, including 
radars that can shift operating modes 
and cellular base stations that can 
support various radio technologies. 




Managing High-Speed Analog Signals 
for SDR Applications Using FPGAs 

This month, industry expert Nicholas Cravotta explores the 
key issues behind managing high-speed analog signals in 
FPGA-based SDR systems, including: 

— How to construct a flexible SDR that utilizes a single 
ADC/FPGA/DSP IF processing subsystem across multiple 
RF front-ends 

— Effective means for handling multi-path distortion 

— Implementing down conversion in the ADC to reduce signal 
and FPGA frequency 

— Reducing overall power consumption by reducing operating 
frequency and managing IF data throughput 



To read this case study, 
go to avnet.national.com 



PRODUCT SPOTLIGHT: 



PART# 


DESCRIPTION 


PACKAGE TYPE 


OPERATING 

TEMPERATURE 

RANGE 


ADC12DL065 


DuaM 2-Bit, 65 MSPS,3.3V, 
360 mW A/D Converter 


Evaluation Board, 
TQFP 


-40° C to 85° C 


ADC12DL066 


Dual12-Bit, 66 MSPS, 450 MHz 
Input Bandwidth A/D Converter with 
Internal Reference 


Evaluation Board, 
TQFP 


-40° C to 85° C 


LMH6550 


Differential, High-Speed Operational 
Amplifier 


SOIC NARROW, 
MINISOIC 


-40° C to 85° C 


LMH6551 


Differential, High-Speed Operational 
Amplifier 


SOIC NARROW, 
MINISOIC 


-40° C to 85° C 


LMV227 


Production RF Tested, RF Power 
Detector for CDMA and WCDMA 




-40° C to 85° C 


SCAN90CP02 


1 .5 Gbps 2x2 LVDS Crosspoint Switch 
with Pre-Emphasis and IEEE 1149. 6 


LLP, LQFP, 
Evaluation Board 


-40° C to 85° C 



Single-End-to-Differential Amplifier Configuration 



Input A 



Signal sensor 
Rs=2MQ 




For additional application solutions, visit avnet.national.com 




BAKER'S BEST & 




BY BONNIE BAKER 



Choose your watchdog timer 
with reliability in mind 

Embedded-system applications use WDTs (watchdog timers) to 
identify error conditions that cause the controller or proces- 
sor to default into an erroneous state. Stand-alone WDTs used 
to be quite popular. For a short time, they were more reliable 
than their counterpart, which was the internal WDT in the 
controller or processor. With the controller or processor option, if the 
processor failed to execute in a timely manner, the WDT would surely 
have problems, as well. But, the stand-alone WDT fell short with its lack 
of an adjustable clock — allowing the user to change the setting of this 

The stand-alone 
WDT has also 
evolved from having 
the integrated 
WDTs simple, prim- 
itive function to a 
more sophisticated 
version. 



timer independently of the system 
clock. The stand-alone WDT was miss- 
ing features, such as minimum and 
maximum trigger times. With multiple 
triggers built into the WDT, you can 
catch situations in which the applica- 
tion system is running too slow or too 
fast. 

Once again, the integrated-controller 
option has effectively assimilated the 
stand' alone option and gained some 
sophistication in the process. Today, 
the design of integrated WDTs is a sep- 
arate function on the same chip. The 
clock on today's controller WDT is 
many times separate and usually set to 
an independent clock, such as an on- 
chip, RC time constant. With this con- 
figuration, the WDT clock is essentially 
isolated from the controller's system 
clock or oscillator. This fact alone could 
point you toward using the integrated- 
WDT option for your application. 

These integrated devices also provide 
the flexibility of programming the num- 
ber of counts in the WDT counter with 
a ratio of 1 -to- 16,3 84 or more to pro- 
gram the counter for ranges of mil- 
liseconds to several seconds. Controller 
and processor manufacturers call this 
function the WDT prescaler. With this 
generation of microcontroller WDTs, 



you can also program two or more trig- 
gers in the software. These triggers can 
catch erroneous code in noisy environ- 
ments. The microcontroller WDT also 
continues to operate independently of 
the controller's sleep and idle modes. 
Other features, such as a double reset 
code, reduce the probability of false 
WDT resets in noisy environments. 

So, does the stand-alone WDT pro- 
vide functions that the integrated ver- 
sion does not? Essentially, the stand- 
alone WDT has also evolved from hav- 
ing the integrated WDT's simple, prim- 
itive function to a more sophisticated 
version. The functions of the stand- 
alone unit now include all of the fea- 
tures of the controller/processor ver- 
sion, except for on-the-fly programma- 



bility and double-reset-code capability. 
Some stand-alone WDTs also feature 
manual-reset pins to implement push- 
buttons for the user. But you can easi- 
ly implement this function with con- 
troller or processor interrupts or other 
designated controller pins, such as a 
master clear. 

Both the integrated and the stand- 
alone options offer the possibility of EM 
(electromagnetic) interference or stat- 
ic discharge. If your layout is sensitive, 
the stand-alone WDT may be more sus- 
ceptible to these disturbances, particu- 
larly if the alternative controller or 
processor WDT has double coding for 
the WDT reset. One issue may erro- 
neously point you to a stand-alone ver- 
sion over the integrated microcon- 
troller and microprocessor. When safe- 
ty is critical, using an independent 
clock source may be preferable. For cer- 
tain equipment, regulatory agencies 
recommend the use of independent 
WDTs. The controller- integrated- iso- 
lated version, as well as the stand-alone 
chip, effectively fit this bill. Addi- 
tionally, many designers prefer the ben- 
efit of the other controller's power-con- 
trol features, such as power-on reset or 
brownout reset. 

The decision to use an integrated 
WDT or stand-alone WDT could go 
either way, depending on your applica- 
tion. But the truth about WDT chal- 
lenges does not stop at hardware selec- 
tion. The software plays an equal or 
larger role in ensuring that your system 
is robust and reliable on the way off the 
manufacturing floor. In your software, 
you can effectively program your 
WDT characteristics to fit the specifics 
of your application.EDN 
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\±\ Go to www.edn.com/050901bb 
and click on Feedback Loop to post a 
comment on this coiumn. 



Bonnie Baker is the author of A Baker's 
Dozen: Real Analog Solutions for 
Digital Designers. You can reach her at 
honnie . haker@microchip . com . 



30 EDN I SEPTEMBER 1, 2005 



© 2005 Newark InOne, a service mark of Premier Farnell Corp. 

All other trademarks, registered or unregistered, 
are the property of their respective holders. 













f 





"rosh** 



V 





















No matter how you say RoHS , 
we can help you get ready for it. 




Your fast track to compliance 

Get ready for RoHS by accessing state-by-state green laws, 

the latest news from Europe, helpful guides and products that are connpliant 

with the Restriction of Certain Hazardous Substances legislation. 

You'll find nnore in one source @ newarkinone.com/rohs 
Register for RoHS updates @ newarkinone.com/alerts 

\Ne pronounce it ros 
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PRYING EYES 



CHARLES J MURRAY 



YAW-RATE AND 
LATERAL-ACCELERATION SENSOR 



ENGINE- 
CONTROL UNIT 



WHEEL- 
SPEED 
SENSOR 



Engineers have found a way to 
keep vehicles stable while 
driving on slippery surfaces. 
Now they need to cut the 
technology's cost so they can 
convince the public to buy it. 



It's all about |jl 



In many cases, the fatal scenario is simple: Skid. Trip. RolL Crash. 
Within seconds, the deadly chain of events is irreversible, and 
another life is lost on the highways. Now, however, that situa- 
tion may be changing. After more than a decade of experience 
with ESC (electronic-stability-control) systems, automotive 
researchers are comprehending the value of this little-used technol- 
ogy. Stop the skid with ESC, they're saying, and you can head off 
the other events in the gruesome chain. 

"When you consider that there are tia, roll moment of inertia, and more. 




STEERING-ANGLE 
SENSOR 



between 14,000 and 17,000 single- 
vehicle fatalities every year, and we 
can reduce those fatalities by 50%, 
you realize we're dealing with a huge 
number of lives that could be saved," 
says Rich Golitko, marketing director 
for ESC at Bosch Automotive. 

An ESC system's primary compo- 
nents include a lateral accelerometer, 
gyroscopic yaw-rate sensor, and steer- 
ing-angle sensor, as well as an elec- 
tronics module and wiring harness. 
The system works by measuring yaw 
and lateral acceleration, then com- 
paring that to the driver's desired 
path, as indicated by the steering- 
angle sensor. If a microcontroller 
determines that the difference 
between the desired path and actual 
path is too great, the system activates 
one or more of the wheel brakes by 
means of the ABS (antilock-braking 
system). 

To fully comprehend the nature of 
what's happening, most stability-con- 
trol systems also employ vehicle data, 
such as vehicle mass, wheel mass, 
center of gravity, drag coefficient, 
engine torque, pitch moment of iner- 



A stability-control system uses that 
data to determine whether additional 
measures, such as pulling back on the 
throttle or braking another wheel, are 
necessary. 

ESC also uses the sensor data to 
derive a rough estimate of the coeffi- 
cient of friction on the driving 
surface. Knowing fjL, as well as the 
vehicle's performance characteristics, 
helps ESC determine how much 
intervention is necessary and when 
the time has come for action. 

To make ESC affordable, electron- 
ics vendors are working on lower cost 
sensors, as well as on electronic inte- 
gration methods that would help 
reduce installation costs. Analog 
Devices, for example, has developed 
silicon-based yaw-rate sensors that 
could ultimately cost substantially 
less than the quartz-based, piezoelec- 
tric tuning fork "gyros" now used in 
most ESC systems. Unlike the quartz 
gyros, which use the frequency of the 
tuning fork to measure yaw, the sili- 
con sensors employ a "vibrating 
mass," which produces a voltage sig- 
nal that's proportional to the vehi- 



ESC HYDRAULIC UNIT 
WITH ATTACHED ECU 



An electronic-stability-control system 
includes a lateral accelerometer, gyro- 
scopic yaw-rate sensor, and steering- 
angle sensor, plus an electronics module 
and wiring harness. 



cle's angular rate of change. By 
employing silicon instead of quartz. 
Analog Devices engineers believe 
they can bring down sensor costs 
from their current levels of $20 to 
$30 apiece, to less than $10. 

Device integration could also be a 
key way to cut costs, engineers say. 
Analog Devices, among others, is 
working on integrating lateral 
accelerometers onto a single die with 
yaw-rate sensors. Such efforts go 
hand in hand with attempts to inte- 
grate ESC electronics into ABSs 
under the hood, instead of in their 
current location in the passenger 
compartment. Doing so would elimi- 
nate the need for costly wiring har- 
nesses that must pass through fire- 
walls between the passenger and 
engine compartments. Some auto- 
makers are also said to be looking at 
the possibility of leaving the ESC 
electronics in the passenger compart- 
ment, and instead cutting costs by 
integrating the ESC module with the 
air-bag module. 



This article originally appeared in 
EDA/'s sister publication, Design 
News (www.designnews.com/ 
article/CA529770). Charles Murray 
is senior editor at Design News. 
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Intersil Battery Charger ICs 




Unshackle Your 
Handheld Device 
From Its Cradle 

Intersil's ISL6299 is a fully integrated low-cost Li-ion 
or Li-polymer battery charger that accepts both USB 
port and desktop cradle charger. 

The ISL6299 is a low component count solution that features 
programmable cradle charge current, charge indication, adapter 
present indication, and programmable end-of-charge (EOC) current 
with latch. All these advanced features, along with Intersil's Therma- 
guard™ technology for an added measure of thermal protection, are 
delivered in this single chip available in a tiny 3x3 mm DFN package. 



ISL6299 System 





Cradle input. The max input voltage tolerance is 28V. Programmable 
charge current up to 1Aand programmable end of charge current. The 
included end of charge latch is the default input source. 



USB input. Takes input from USB port or other low voltage supply. Fixed 
charge current at typically 380mA. Only charges when cradle source is 
not connected. 



Programmable end of charge optimizes 
end-customer applications. High input 
voltage tolerance protects the device when 
used with low cost unregulated supplies or 
in under input transient conditions. 



Fast-charging rates of an AC 
adaptor for when you have 
access to cradle. 



28V tolerant cradle with 
overvoltage protection. 




Sync-up and fuel-up directly from your 
laptop with convenient USB charger. 



ISL6299 Key Features: 

— Dual-Input charger for single-cell Li-ion/ 
Polymer Batteries for Cradle and USB 

^ Low Component Count 

^ Integrated Pass Element 

^ Fixed 380mA USB Charge Current 

^ Programmable Cradle Charge Current 

^ Charge Current Thermaguard™ for 
Thermal Protection 

28V Maximum Voltage for the Cradle Input 

^ Charge and Adapter Presence Indicators 

^ Less than 0.5|jA Leakage Current off the 
Battery when No Input Power Attached 

Programmable end-of-charge current with 
latch for Cradle Input 

^ No External Blocking Diode Required 

^ Pb-Free Plus Anneal Available 
(RoHS Compliant) 



Datasheet, aval kit with USB 
interface, free samples, and 
more information available at 
www.intersil.com/edn 



intei kil. 
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VIDEO OVER THE INTERNET: 

Services and devices move clcser 
to living-room convenience 

EDM'S DIGITAL DENIZENS EVALUATE WHETHER SOME OF THE NEWEST 

DIGITAL-VIDEO APPLIANCES HAVE A FUTURE IN TOMORROW'S DIGITAL DEN. 



You could argue that the Internet has long been used for video 
distribution, but such applications have been mostly comput- 
er-centric and the video of questionable quality. But recent Dig- 
ital Den experiments with the Akimbo PVR (personal video 
recorder) and the Slingbox suggest that mainstream consumers 
can both receive quality video streams through the Internet 
and use the Internet to "place shift" their own content. And 
assuming some form of a home network, the products and serv- 
ices won't bust the bank. Remaining obstacles include dis- 
tributing digital video in a home, the rather narrow choice of 
Internet content, and, of course, the business models involved. Still, our evalua- 
tion suggests that digital video is in the nascent stage and will still offer designers 
and entrepreneurs many opportunities in the future. 

The Digital Den staff set out to look at three issues in this digital- video project. 
First, we'd evaluate how well video delivery 
over the Internet to an Akimbo PVR works ^ 
(Figure 1 ). We'd also consider place shifting. 
For those who haven't heard of Slingbox, the 
diminutive box sits in the living room, 
encodes the video you receive using cable, 
antenna, or satellite, and streams that content 
to PCs connected via a home network or the 
Internet (Figure 2). The industry has begun 
to call this function "place shifting," as 
opposed to the time-shifting function that a 
PVR offers. Finally, we'd also set out to see 
how you might integrate such diverse func- 
tions into a workable whole-house A/V envi- 
ronment (see sidebar "Whole-house modu- 
lator works, but picture quality suffers"). 

A home network is the common element 
that both Akimbo and Slingbox require. And 
both Akimbo and Slingbox are typically liv- 
ing-room-resident devices. Akimbo would 

Figure 1 It could pass as any other PVR, but the Akimbo 
allows users to specify what content it downloads using a 
standard Internet connection and buffers on the internal 
hard drive for later viewing. 



typically connect to your TV, and Sling- 
box to the same source that feeds your 
main TV. So, the first step in anyone 
evaluating these products may be a net- 
work upgrade. 

LIVING-ROOM LAN REQUIRED 

EDN's Digital Den has long been a 
wireless advocate, although it has cor- 
rectly pointed out the potential weak- 
nesses of wireless when it comes to video 
distribution. Still, you may get by with a 
wireless connection for one or both of 
the test products. You could certainly use 
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Figure 2 The stylish Slingbox states its case on its cover, promising "my video, my 
TiVo, my music ... " and then delivering that content to PCs locally or remotely. 



AT A GLANCE 

El Devices such as Akimbo and 
Slingbox will require a robust home 
network. 



El Users have to conceive a compre- 
hensive A/V-distribution scheme to 
take advantage of new devices. 



El Akimbo works well, but the con- 
tent and business model are question 
marks. 



El Slingbox delivers acceptable video 
even over cross-country Internet 
connections. 



a wireless bridge to link a living-room 
Ethernet switch to the duo if you need 
to connect multiple devices in the living 
room — and realistically you will, in the 
future. Akimbo supports a Linksys USB- 
tO'802.1 1 adapter that can link the PVR 
to a wireless network. But in our case, we 
wanted to evaluate the products in the 
best network environment possible. So 
we augmented our test living room with 
a new Cat5 cable drop and a Netgear 
five-port lO/lOO-Mbps switch. The 
switch cost only about $30. The sweat 
left in the attic was probably worth far 
more (see sidebar "Jacks ease installa- 
tion"). 

Once you solve the home-network 
problem, you have to find a way to work 
products such as Akimbo or Slingbox 
into your AA^ system. For the tests in our 
Digital Den, we added the duo of new 



products into a system that already had 
analog cable, an HD DirecTV/terres tri- 
al receiver, and a dual-tuner TiVo/ 
DirecTV receiver as inputs. (See sidebar 
"Whole-house modulator works, but pic- 
ture quality suffers" for details on the con- 
nections.) Indeed, our digital den was 
already woefully short on places to con- 
nect A/V inputs or outputs. 

The Akimbo PVR is decidedly simple 
when it comes to connections. It has a 
single A/V output, a LAN connection, 
and two USB connectors. Most other 
PVRs have multiple outputs, but then 
again. Akimbo was at press time selling 
its Internet PVR for $100, including 
three free months of service (normally, 
$10 per month). Both the HD and TiVo 
receivers fed the multiroom modulator in 
our Digital Den before Akimbo arrived. 
But, it turns out, you have to configure 
the Hughes HD receiver to output only 
an SD (as opposed to an HD) signal for 
the receiver to drive its composite-video 
output. So, generally, that output stays 



inactive save the rare occasion when 
I both TiVo tuners are busy and someone 
' needs to access a DirecTV receiver from 
a remote TV. So Akimbo got the B input 
to the modulator that feeds the signal to 
every TV in the test house on channel 
122. 

The software setup on Akimbo was 
also amazingly simple. The PVR pro- 
I duces a pass phrase on screen and in- 
I structs you to enter that phrase through 
the company's Web site. The Web site 
asks for pertinent information including 
a credit-card number. To get the three 
free months of service, you enter a promo 
code from the packing label. In minutes, 
you can be perusing the Akimbo chan- 
nel guide. 

I REQUEST NOW/VIEW LATER 

' Unlike TiVo, which records from a 
broadcast source. Akimbo must down- 
load viewing choices. Subscribers in- 
struct Akimbo to get the desired content, 
and then watch it later. Still, 30-minute 
shows take only a few minutes to arrive 
by means of a cable modem. Akimbo 
offers a broad mix of content. There's 
easily recognizable programming from 
sources such as CNN, the Food Net- 
work, and Turner Classic Movies, along 
with specialty programming, such as The 
Billiard Network, Asiamoviechannel. 
com, and Best of California. 

Indeed, content is arguably Akimbo's 
near-term Achilles' heel and perhaps in 
the long term its greatest strength. The 
company has gathered bits and pieces 
ranging from Turkish programming to 
golf instruction. But there's probably not 



JACKS EASE INSTALLATION 

If you need to install Cats cable or, for that matter, phone cable, consider 
Leviton Quickport jacks, which allow you to gang multiple types of con- 
nections into a standard home faceplate. The company sells single-gang 
faceplates with one, three, or six square sockets that you can fill with 
Cats, phone, coax, A/V, or other types of connections. Moreover, the 
Cats Quickport and phone jacks are color-coded, so you can easily wire 
the jacks without stripping the individual wires and without a schematic. 
Note that the Cats jacks offer two configuration choices-A or B-based 
on wire colors. It doesn't matter which configuration you choose, but 
once you choose it, you must remain consistent. 
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1. Our extended family of bus 
converters and a wide variety of 
POL converters such as the 
AUSTIN LYNX and AUSTIN LYNX 
II series support internnediate 
bus architecture applications. 

2. Our KW series Sixteenth Brick 
DC/DC power modules bring 
high efficiency and power 
density benefits to small 
space, high current and low 
voltage applications. New 
PIM200X power modules 
complement our DC/DC 
converters/POLs to provide 
simple yet elegant power 
architecture solutions to 
complex ATCA™ board power 
requirements. 

3. The scalable CPS2500 
converter system converts 
high voltage DC power to 
regulated -48 Vdc for advanced 
DSLAM/IPTV Fiber-to-the-Node 
applications. The CPS6000 
modular 48-volt system meets 
broadband and telecom needs 
for power from 800W to 48kW. 



Power systems technology 
that enables innovation. 
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Ready to take your network performance to the next 
level? Tyco Electronics Power Systems offers a range of 
technologies proven to increase efficiency and reduce 
costs. Whether you need turnkey solutions or simply the 
most innovative products on the market, turn to us for a 
wealth of electronics options. We've answered the needs 
of some of the world's largest and most demanding 
companies, and can help you solve your most difficult 
challenges, too. At Tyco Electronics, it's not about being a 
global power. It's how we can better power the globe. 

Contact us for a copy of our latest power systems 
brochure. 



North America 800-526-7819 • Europe +44 (0) 1344 469 300 • Asia -f65-641 6-4283 
www.power.tycoelectronics.com 

AUSTIN LYNX and TYCO are trademarks. 
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enough of any category to satisfy a sub- 
scriber really interested in a niche- And 
there is not enough of the broadly appli- 
cable content, such as mainstream 
movies on Turner Classic Movies, to 
attract a huge subscriber base- In the long 
term, the company may benefit from 
being independent and may be able to 
keep building the available programming 
block by block. The company does not 
share the constraints placed on MSOs 
(multisystem operators) that own their 
own networks as to what programming 
they must carry. 

Still, to survive. Akimbo may need to 
tweak its business model. It provides 
much of its content on a pay-per-view 
basis on top of the $10-per- month sub- 
scription fee. Perhaps an extra charge for 
adult content is legitimate if the com- 
pany feels it must offer such program- 
ming. But subscribers interested in sub- 
jects from wine to golf are likely to feel 
that they are being nickel- and-dimed 
to death. For instance, the GolfSpan 
channel offers a series of one-minute 
instructional programs that cost 49 cents 
each for a 30-day viewing period. A golf 
enthusiast wouldn't have to buy many 
before a good instructional DVD would 
have been a better investment. Under- 
stand that the monthly fee includes sub- 
stantial content, such as the Food Net- 
work and CNN programming. But much 
of it carries a tariff. Feel like paying 
ZFlyTV 49 cents to see a six-minute aer- 
ial fly-over of New York City? Check the 
Web site for a complete list of content. 

FROM IN TO OUT 

Akimbo is all about another way to 
bring content home, but the second new 
component in our Digital Den specializes 
in encoding and transmitting content. 
Consumers will surely find the Slingbox 
handy to distribute home video both on 
a home network and to remote locations 
using the Internet. In in-home applica- 
tions, Slingbox can serve programming 
to, say, a home-office PC in a room not 
served by a typical home A/V system. 
Remotely, say, while traveling on busi- 
ness, some sick sports fans we know 
might choose to spend time in their hotel 
watching a baseball team, such as the 



Padres, lose another game. Such a game 
wouldn't likely be available to a business 
traveler, but Slingbox would let that 
traveler watch using the Internet and the 
Slingbox feed from home. No doubt, ' 
Slingbox will also allow grandparents to 
watch live video of grandkids, remote 
monitoring of security cameras, and who 
knows what else. 

Slingbox sells for $250. At press time, 
the product was available in limited 
quantities at Best Buy and CompUSA. 
The approximately 10.5 X 3. 5 X 1.75 -in. 
device certainly consumes little shelf 
space. It offers both composite- and S- 
video input and output connectors, a 
coax input for the internal tuner, and a 
LAN connection. The video output is a 
pass-through connection that allows the 
buyer to place Slingbox between a source, i 
such as a TiVo, and a TV. Making the | 
hardware connections is a snap. Initially, 
we connected one of the local coax out- 
puts of the multiroom modulator to the 
Slingbox in our digital den. 

Installing the Slingmedia software and 
configuring Slingbox is a bit more com- 
plicated. Perhaps the company should 
have considered separating the configu- 
ration software from the Slingplayer 
application. Instead, a 70-Mbyte zipped 
download is the first step in installing 
Slingbox support on any PC. You must 
use a machine on the home LAN to ini- 
tially configure the box. On local or 
remote PCs from which users want to 
watch only Slingbox content, the quick 
witted will realize that they need to 
check the box indicating that this is not 
the first time the Slingbox has been con- 
figured. A plain-English alternative 
might have offered the choice of in- 
stalling and configuring the hardware or 
installing the Slingplayer application. 

Users that want to watch Slingbox 
content only locally are spared many net- 
working details. To make your Slingbox 
accessible by means of the Internet, how- 
ever, you must open a TCP/IP in your 
router to the IP address that the router 
assigns to the Slingbox. Presumably, new 
Universal Plug & Play routers make the 
router configuration automatic. Manu- i 
ally configuring a router isn't difficult for ' 
computer enthusiasts but will surely 



stymie some consumers. Slingmedia at- 
tempts to solve the problem with help 
screens that it serves by means of the 
Internet. The system asks for the model 
number of the router on the network, 
and then attempts to deliver instructions 
specific to that model. We found it 
missed completely on a popular router, 
and bad help in this case may be worse 
than no help at all. 

To run the Slingplayer, you need a 
Windows XP PC with Service Pack 2. 
You may have to disable PC-resident fire- 
walls and VPN software to access the 
Slingbox for configuration or viewing. In 
the case of the standard Reed Business 
(EDN's parent company) software load, 
the McAfee Desktop Firewall causes no 
problems, but the Nortel Contivity VPN 
prevents the Slingmedia software from 
finding the Slingbox. 

Our initial installation of Slingbox 
took less than an hour, and that was with 
phone interruptions and other obstacles. 
The quick-start guide warns of the VPN 
and firewall problems. We didn't take the 
time to read about minimum system re- 
quirements. But we quickly had a video 
stream from our digital den playing on a 
PC in the home office. The initial test 
machine did experience pauses in the 
stream at what seemed like a repetitive 
interval. 

Because the office PC is connected by 
means of an older 10-Mbps Ethernet 
switch, that slower switch stood out as the 
potential culprit. And upon installing the 
Slingplayer in the family room — on a PC 
connected to the Slingbox via a 10/100- 
Mbps switch, the stream played perfectly. 

REMOTE ACCESS 

Next, an East Coast-based member of 
the Digital Den team fired up a remote 
test on the other side of the country. Dur- 
ing the initial configuration process, the 
Slingmedia software generated a 32-char- 
acter "Finder ID" specific to our Slingbox. 
For remote access, a user needs that Find- 
er ID along with a password established at 
initial configuration. It appears that Sling- 
media is keeping a list of Finder IDs and 
linking them to local IP addresses. Pre- 
sumably, you can also guide a remote user 
to your Slingbox as long as you know the 
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Do our new 0302 chip inductors 
break the laws of physics? 



Higher current 

Irms max (mA) 




If they don't break 
the laws, they sure 
bend them! 

Smaller chip in- 
ductors have al- 
ways meant lesser 
specs. But not our 
newest family of 
0302CS wirewound 
inductors! 

As you can see, 
they outperform bigger 0402 coils in just about 
every category: higher Q, lower DCR, better 
current handling. And they do it in a footprint 



Better Q factors 

Q at 1.7 GHz 



Lower DCR 

DCR max (mOhms) 





4.7 nH 10 nH 20 nH 



4.7 nH 10 nH 20 nH 



I New 0302CS 

0402 coils 



that's roughly 25% 
smaller! You don't 
have to be an 
Einstein to know 
that something very 
strange is going on! 

Check our web 
site for a complete 
datasheet, SPICE 
models and free 
evaluation samples. 
Or order Designer's Kit C370 and get all 35 
inductance values from 0.67 to 34 nH. 
Visit www.coilcraft.com/0302d. 



4.7 nH 10 nH 20 nH 



We may not fully understand the physics, but our new 0302CS 
chip inductors outperform 0402 coils that are 38% bigger! 



80V p, \vERV\ CALL BY 5 csT. www.coilcraft.com 800/322-2645 
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current IP address of your cable modem. 

We were smart enough to stop, cap- 
ture, and store the Finder ID — after start- 
ing to record the onerous string on a mes- 
sage pad- After receiving the Finder ID 



and password by means of e-mail, our 
Eastern invader quickly had access to 
EDN's West Coast-based digital den. 
Cox Communications handled the out- 
bound feed in the San Diego area, and 



Comcast in Boston handled the inbound 
stream. Generally, the remote-viewing 
experience was perfectly acceptable — 
with the exception of the image size. 
When we changed channels remotely. 



WHOLE-HOUSE MODULATOR WORKS, BUT PICTURE QUALITY SUFFERS 



With the advent of cable or 
satellite set-top boxes, 
video games, DVD players, 
PVRs, and other devices, 
planning a living-room- 
wiring scheme is a chal- 
lenge. Trying to devise a 
whole-house A/V-distribu- 
tion system is a level 
tougher. Sure, DVD players 
are cheap enough to put 
one with each TV, and 
video games are typically 
used only in one room or, 
at worst, move along with 
the players. Still, con- 
sumers rightly want to view 
the content from that new 
TiVo box that lives in the 
living room on their family- 
room or other remote TVs. 
Products such as TiVo and 
DirecTV are both costly 
upfront and come with 
service fees on a per- box 
basis that make distribu- 
tion attractive. For now, a 
modulator/amplifier is the 
only real option for whole- 
house distribution and is a 
simple addition to homes 
with a star- wired coax 
plant. 

Consider a living room 
with the following video 
sources: basic analog 
cable, a dual-tuner TiVo/ 
DirecTV receiver, and an 
HDTV-based terrestrial/ 
DirecTV tuner. 

The ChannelPlus Model 
3025 Multi-room Video 
Distribution System is a 
perfect match for the 
sources described above 



(Figure A). The 3025 has 
two composite A/V inputs 
and a coax input. The box 
modulates the two A/V 
inputs to UHF channels 14 
to 64 or cable channels 65 
to 126. The user selects the 
actual channels used by 
means of a crude but effec- 
tive sequence of button 
pushes. The system outputs 
the modulated channels, 
combined with the incom- 
ing signal, on five coax con- 
nectors. Two of the five are 
local outputs for the living 
room. The other three are 
amplified for remote distri- 
bution over coax to other 
rooms. The 3025 can also 
connect an IR emitter to 
allow remote control of liv- 
ing-room components from 
other rooms. 

You can certainly build a 
much more complex modu- 
lation-driven distribution 
system. ChannelPlus, for 
example, sells a box with 
four A/V inputs and one 
output that's meant to be 
combined with an amplifier 
and distribution compo- 
nents. But that four-input 
box starts at approximately 
$300, and you still must buy 
the other needed compo- 
nents. Online retailer Parts 
Express, meanwhile, offers 
the 3025 for $135. 

Video quality is the only 
real problem with a modu- 
lator-driven distribution 
screen. The quality of the 
video on remote TVs is 




A multiroom modulator/amplifier, such as the 
ChannelPlus 3025, may not match the video quality of a source 
such as a DirecTV receiver or digital-cable box directly connect- 
ed to a TV, but it allows consumers a simple way to view those 
sources remotely. 



essentially analog-cable 
quality. But the quality of 
the TiVo/DirecTV receiver 
connected directly to a liv- 
ing-room TV is essentially 
DVD-quality. The discrepan- 
cy will only worsen as more 
HD content enters the pic- 
ture. 

You can distribute higher 
quality video-if you have 
much deeper pockets and 
are willing to run more 
cable in your home. For 
instance. Cable Electronics 
offers a box that accepts a 
composite A/V signal and 
provides four outputs that 
you can drive over 150-ft 
cable runs. The amplifier 
costs only $120, but you 
need to combine multiple 
amplifiers and switching 
components to support 
multiple sources. The com- 



pany offers a component- 
video version for $150. In 
either case, you need to 
install new, noncoax wiring 
to support the distribution 
system. 

ChannelPlus also offers a 
line of components that can 
distribute either composite 
A/V or S-video signals over 
Cat5 cable. In a house with 
structured wiring and multi- 
ple Cat5 runs to each room, 
the Cat5 option may make 
sense. But realize that a 
single transmitter- receiver 
pair (the SVC-10) costs 
upward of $400, and you 
will need multiple transmit- 
ters and switching compo- 
nents to support multiple 
sources. The company's 
Video over Cat5 family real- 
ly targets commercial 
installations. 
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Intersil Switching Regulators 



Intersil High Performance Analog 




What's Black, White, 
and Cool All Over? 

Maintaining IC temperatures doesn't have to 
be a riddle. Intersil's new high current 
Integrated FET Regulators have the industry's 
only true Thermal Protection with auto shut 
down at 135X. 

Intersil's EL7554 and EL7566 DC-DC buck regulators with internal 
CMOS power FETs operate from 3V-to-6V input voltage and are 
capable of up to 96% efficiency. But what's really cool about these 
devices is ground breaking features like built-in Thermal Protection 
and Voltage Margining for actual in-circuit performance validation. 
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The first line of defense 
against heat is a 
thermally-efficient HTSOP-28 
package, which utilizes an 
exposed thermal pad 
underneath the IC to spread 
heat through the PCB. 




The Vtj pin is a 
formula-based, accurate 
indicator of the internal 
silicon junction temperature. 



If all else fails and the 
temperature sensor indicates 
a junction temperature above 
135°C,the PWM Regulator 
will shut down. 



{ 
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Key Features: 

_ 4A (EL7554) and 6A (EL7566) 
continuous output current 

_ Up to 96% efficiency 

^ Built-in 5% voltage margining 

^ 3V-to-6V input voltage 

_ 0.58 in2 (EL7554) and 0.72 in2 
(EL7566) footprint with 
components on one side 
of PCB 

^ Adjustable switching frequency 
to 1 MHz 



For more information and samples, 
go to www.intersil.com/edn ^ 

Easy-to-use simulation tool also 
available. Modify switching frequency, 
voltage ripple, ambient temperature 
and view schematics waveforms, 
efficiency graphs and complete BOM 
with Gerber layout. 
www.intersil.com/iSim 
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Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 



DIGITAL DEN 



the Stream would take seconds and some- 
times tens of seconds to stabilize. But 
once stable, the stream was solid. 

Back on the West Coast, it was fairly 
obvious that a 10-Mbps switch was not 
causing pauses in the stream. It appears 
it was purely a lack of horsepower. Sling- 
media specifies a 1-GHz Pentium IV or 
faster processor. Our initial test machine 
is based on a 1-GHz Mobile Pentium III 
CPU. 

In all cases, it is best to view the video 
stream as a relatively small window. At 
one-quarter to one-third of a 19-in. dis- 
play set to 1024X 768-pixel resolution, 
the video quality looks good. When 
blown up to full screen, the stream shows 
artifacts — especially if there is a lot of 
movement in the content. Remember, 
an encoder is processing the stream in 
real time. 

Overall, the Slingbox experience was 
positive, but the company could do so 
much more with just slightly better soft- 
ware — both the configuration software i 



AT EDN.COM 



\±} Visit www.edn.com/digitaiden for 
ongoing coverage of digitai consumer 
eiectronics. 

\±} Sign up for ttie Digitai Den newsiet- 
ter at www.edn.com/subscribe.asp. 

\±} Check out www.edn.com/articie/ 
CA49041 2 for a review of anottier tiome- 
video gadget. 



that runs on the PC and the embedded 
software that carries out the task in the 
Slingbox. For instance, you can have a 
coax input or a composite-video input, 
but not both. We're not suggesting that 
the Slingbox should simultaneously 
encode both, but we are suggesting that 
the software should be smart enough to 
let the user swap between inputs without 
reconfiguring the box. The device does 
come with IR emitters that let the unit 
control a TiVo or ReplayTV PVR. But, 
in our case, if TiVo is connected and 



active, a baseball fan wouldn't have 
access to a Padres game that is available 
only through Cox Channel 4 in San 
Diego. 

At first, we thought our system-con- 
figuration problem was unique, because 
we actually have the TiVo/DirecTV 
receiver modulated onto channel 120 on 
the coax input to the Slingbox. It's 
understandable that the Slingbox engi- 
neers didn't anticipate such a connection 
and the potential need to use the IR 
emitter to control a source coming in 
through coax. But upon rerunning the 
configuration software, it became clear 
that the Slingmedia software deals with 
only one source — either coax or com- 
posite video — at any point in time. The 
company's tech support confirmed that 
limitation via e-mail. 

Still, we're planning on keeping 
Slingbox — unless those guys on the Pry- 
ing Eyes staff steal it away one night. We 
may decide to let them have Akimbo 
without a struggle. EDN 



MaKimize Your Power Design 



The MC2600 ultracapacitor is a technological break- 
through that delivers 2.7 volt operation while maintaining 
Maxwell's high standards in performance and reliability. 





MC2600 

Ultracapacitor Cell 

>2.7V 

> 2600 Farads 

> 1 Million Cycles 

> 470g 



I 
I 
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The BMOD2600-16 features six individually balanced 
MC2600 cells in a rugged enclosure for longer life and 
reliability in your most demanding applications. 




BM0D2600'16 

Ultracapacitor Module 

> 16.2 V 

> 430 Farads 

> Active Voltage Balancing 

> Voltage & Temperature Sensor Outputs 



Discover how ultracapacitors give you more freedom in your design at www.maxwell.com/go. php?id=1 96 

www. maxwell. com — info@maxwelLcom — 1.858.503.3300 
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Need More 
Analog Speed? 

Intersil offers a wide portfolio of High Speed 
Op Amps, including the industry's first Triple 
1GHz Current Feedback, the industry's 
fastest Amplifier in an SC-70 package, and 
a Voltage Feedback with over 700MHz of 
available bandwidth. 




Datasheet, free samples, and more information 
availdbleatwww.intersil.com/edn 




World's Fastest and Only Triple 1GHz 
Current Feedback Amplifier 

^ Handles ultra-high resolution video with 

room to spare 
^ 1GHz gain of 1 bandwidth 

800MHz gain of 2 bandwidth into a 

150^^ load 
^ 6000V/ps typical slew rate 
^ 8.5mA per channel supply current 



1GHz; 
EL5367 



World's Fastest Amplifier in a Tiny SC-70 Package 

Get blazing speed in a tiny package. The EL5167 allows you to significantly reduce board size 
by packing 1 .40 Hz performance in an SC-70 package. The ELS 167 is the smallest and fastest 
high speed amplifier available with a scant 9mA power consumption. 



1.4GHz bandwidth 

6000V/|JS slew rate 

Less than 9mA 
power consumption 
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EL5160/1 
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EL5262/3 
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EL5462 
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EL5360 
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1700 
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70 


±3.4 
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Get Current Feedback Performance with Voltage Feedback Control 

Intersil's EL5104 eliminates that nasty tradeoff between ease of use, DC accuracy, and pure 
speed. We've pushed the usability scale up to and above 700MHz with virtually unlimited slew 
rate, almost zero overshoot, and low power consumption. Ground-breaking EL5X0X family of 
Voltage Feedback Amplifiers provides unmatched AC performance in this architecture. Use in 
place of any current feedback amplifier. 



^ Virtually unlimited 
slew rate 

700MHz gain of 1 
bandwidth 

^ Almost zero 
overshoot 



^ Low power 
consumption 
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SR 

(V/MS) 


Vn 
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EL5100/1 
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300 


2200 


10 


2.6 


100 


±3.4 
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Read more about the "Best Video 
Op Amp" in analogZONE's 2004 
Products of the Year awards at 
www.analogzone.com ^ 



Intersil - Amplify your performance with advanced signal processing. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of Its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 





BY RICHARD A QUINNELL • CONTRIBUTING TECHNICAL EDITOR 



ireless networking based on the IEEE 
802.1 1 standards is poised for substantial 
growth in both the numbers of units and 
the range of their applications. The 
mobility inherent in wireless networks, 
however, creates interactions between 
the physical and the protocol layers 
that — compared with wired networks — 
greatly increase the complexity and num- 
ber of tests necessary to verify a design. Fortunately, tools are becom- 
ing available to streamline the process. 

The 802.1 la/b/g standards, collectively known as WiFi (Wireless 
Fidelity), have engendered a large and growing market among home users, 
who are finding wireless a simpler alternative to Ethernet for sharing 
resources such as printers and broadband connections in their homes. 
In addition, business users that need mobile-computing capability are 
adopting the technology in droves. Public WLANs (wireless local-area 
networks), or "hot spots," are also increasing in popularity with both busi- 
ness and home users. The result: worldwide WiFi-equipment revenues 
of $737.6 million in the first quarter of 2005 alone, a 15% increase over 
the first quarter of 2004, according to market-research company In-Stat. 

Although the adoption of WiFi in homes and businesses for com- 
puter access is still rising, new markets for the technology are poised 
to emerge. In-Stat is tracking promising applications, such as 
VOWLAN (voice over WLAN), the use of WiFi as a means of con- 
sumer-electronics connectivity, and the combination of VOWLAN 
with cellular telephones. Each represents a market that could match 
or exceed that of computer access. 



DOUBLE-BARRELED 



ADDING 
^^WIRELESS'' TO 
NETWORKING 
DOES MORE 
THAN CHANGE 
PHYSICAL- 
LAYER-TEST 
REQUIREMENTS; 
IT ADDS SYSTEM 
COMPLEXITY 
THAT NEEDS 
SIMULTANEOUS 
CONTROLLED 
TESTING OF 
MANY LAYERS. 




The rise of these major markets could result in many designers fac- 
ing for the first time the challenges of WLAN test. The challenges are 
significant, and designers' experience with more traditional cabled net- 
working is an insufficient background for meeting them. WLAN is more 
than traditional networking with a radio-based physical-layer interface. 



For one thing, the protocols are more complex, says Thomas Alexan- 
der, PhD, chief technology officer at VeriWave. He notes that many extra 
features in WLAN protocols address three aspects of wireless LANs that 
cabled networks lack: dynamic configuration, a spatial nature, and mobil- 
ity. These aspects add to the complexity of wireless testing. The dynam- 
ic-configuration aspect of WiFi allows endpoint stations to query APs 
(access points) to gain network access and has APs announce the serv- 
ices they support. Although cabled networking has comparable functions, 
they are typically present in higher layer protocols. WiFi implements 
them at the MAC (media-access-control) layer. WiFi stations must also 
use "association" to determine which AP to use when several are avail- 
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WiFi TEST 
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AT A GLANCE 

El The WiFi market is large and 
expanding into new applications, such 
as entertainment electronics and 
voice communications. 



El WiFi uses more complex protocols 
and thus requires more extensive test- 
ing than cabled networking. 



Q The mobile, dynamic, and spatial 
characteristics of a wireless network 
force testing with combined RF- and 
data-test tools. 



Q To ensure repeatability, tests need 
shielded enclosures or Faraday cages 
to eliminate outside interference. 



gl Specialized tools for RF testing 
and system-environment emulation 
are becoming available. 



able, and the APs must use "authentica- 
tion" to determine whether the station is 
a valid user before granting access- Phys- 
ically secure cabled connections need no 
authentication. A radio connection 
could come from someone parked down 
the block trying to get free Internet access- 

The spatial nature of WiFi creates sit- 
uations, such as "hidden nodes," that you 
don't find in cabled networks- In such sit- 
uations, two stations can be in range of 
an AP yet not in range of each other. As 
a result, the two can repeatedly clash 
when trying to send messages to the AP 
because neither can detect the collision. 
Similarly, in cabled networks, careful 
design and installation can control the 
noise levels in the physical layer, and 
switches can segment the network into 
manageable groups. Designers of wireless- 
network devices, however, cannot assume 
a controlled environment. WiFi shares its 
frequency band with Bluetooth, portable 
phones, and microwave ovens, among 
other RF sources. Designers also cannot 
control the number of stations that may 
be actively attempting to reach an AP. 
The protocols must allow the network to 
simply adapt to the environment it finds. 

The mobility aspect of WiFi also impos- 
es functions on equipment and protocols 
that cabled networks don't need. One 



added function is that battery- 
operated stations may need 
power management to optimize 
power dissipation, such as by turn- 
ing down transmitting power 
when close to an AP to save ener- 
gy. One added protocol function 
is the ability to dynamically 
switch a station between APs dur- 
ing a transmission, similar in 
nature to cell-phone roaming. 
Another added protocol function 
is rate adaptation, the ability to 

adj ust the signaling data rate based 

on the received signal power to 
optimize the overall channel performance. 

LAYERS NOT FULLY SEPARABLE 

Another complication arises beyond 
the more complex protocols, however. 
With cabled networks, engineers can 
independently test system layers and then 
simply combine the tested components to 
assemble a working system. Following the 
traditional network-testing model, testing 
of wireless-networking-device designs 
would have two major tasks. One task 
would be for digital and software engi- 
neers to evaluate the device from the net- 
work side by using protocol and logic ana- 
lyzers. The other component would have 
RF engineers evaluate the radio section 




Figure 1 Agilent's N401 OA consolidates WiFi's RF 
test needs in a single package that handles all 
transmitter and receiver measurements. 



using vector-signal and spectrum analyz- 
ers along with signal generators, oscillo- 
scopes, and other RF equipment. 

But, the old adage "the whole is greater 
than the sum of its parts" applies in spades 
to testing WiFi product designs. The phys- 
ical and protocol layers need not only 
independent testing, but also simultaneous 
testing to verify the proper operation of 
higher layers. This situation leads to a 
requirement for many pieces of equipment, 
both RF and digital, working in concert to 
create the necessary test conditions and 
measure the results. 

Fortunately, RF-test-equipment ven- 
dors have been working to consolidate 
and automate some of the necessary 



AZIMUTH DIRECTOR 



RF COMMON PORT 





ACCESS POINT IN THE 
AZIMUTH MINI TEST HEAD 
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Figure 2 To emulate an entire WiFi network, the Azimuth Systems W-series test equip- 
ment provides a mix of WiFi signals under program control to the device under test. 
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VIDEO AND IMAGING SOLUTIONS 
TO GET YOU TO MARKET FASTER. 

^^^^1 POWER MANAGEMENT Battery management with integrated charging 
^^^H FETs and synchronous DC/DC power 

^^^^H conversion simplifies design and maximizes 

__^^^^M battery life. (TPS65010) 







INTERFACE 





Tl's DSP-based digital media processors come with 
razor-sharp reflexes, making them easily programmable 
to adapt to new standards: 

• Imaging: JPEG, MJPEG, JPEG2000 
•Video: MPEG-2, MPEG-4, H.26x, Microsoft® WMV9 

• Audio: MPS, AAC, Microsoft WMA9, G.7xx 

• Media Transmission: RIP, TCP/IP, 802.11 



Tl's 1394 and USB ICs enable streamin 
A/V and file transfer over 
high-performance digital links. 
(TUSB6250) 



Jump-Start your design with Tl's solutions for your entire signal chain. From industry-leading 
DSP-based digital media processors and high-performance analog to logic and an extended 
portfolio of application software, Tl delivers reliable, scalable and power-efficient video and 
imaging solutions. With Tl, you can fast-forward your product to market. 



For a free CD and technical documentation, visit www.ti.com/tivideo 



Technology for Innovators and the red/black banner are trademarks of Texas Instruments. Microsoft is a registered trademark of Microsoft Corporation. All other trademarks are the property of their respective owners. 1004AO © 2005 Tl 



equipment, and many such 
products emerged in mid'2004 
to late 2004- Agilent Tech- 
nologies created the N4010A 
wireless-connectivity test set, 
which uses software modules to 
implement signal- and vector- 
analysis functions, as well as sig- 
nal generation, and to form a 
more self-contained RF-test 
package (Figure !)♦ Similarly, 
Anritsu Corp offers software for 
its spectrum analyzers to com- 
bine several WLAN RF-test 
abilities in one instrument- 
LitePoint Corp has IQView for 

testing WiFi transmitter and 

receiver functions- The compa- 
ny also offers IQWave software for creat- 
ing custom signal waveforms with the 
instruments to test response to impaired 
waveforms. Most recently. National 
Instruments has entered the market with 
a PXI -based instrument package with its 
Lab View development software and a 
software package from SeaSolve Software 
that runs physical-layer-compliance tests 
on WiFi-radio units- 
Having covered the testing of the phys- 
ical-layer components, it would seem that 
testing the higher layers would simply 
require digital pattern generators and pro- 
tocol analyzers- But WiFi's complex pro- 
tocols must handle the network's dynam- 
ic, spatial, and mobile natures, and equip- 
ment cannot simulate those parameters 
with a purely digital pattern. Engineers 
must test them using the RF link to exer- 




Figure 3 VeriWave's TestPoint products simulate WiFi stations 
and access points with the option of conducting cabled or 
open-air testing. 



cise functions such as rate adaptation, 
hidden-node detection, and other signal- 
strength-dependent conditions. 

The difficulty of WiFi testing emerges 
most strongly in this area. To provide 
repeatable tests, the DUT (device under 
test) needs a controlled stimulus. This 
requirement means at least testing the 
unit in a shielded enclosure to isolate the 
unit from stray signals. In addition, the 
stimulus signals must have controllable 
strengths, which involves the use of pro- 
grammable attenuation. In addition, to 
simulate a full network configuration, 
multiple stimulus signals from independ- 
ent sources must be present. 

PROTOCOL TEST 

Unfortunately, most of the RF-test 
instruments available directly stimulate 
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LABVIEW 



Figure 4 National Instruments has developed a PXI-based WiFi RF-test platform with 
software-controlled conformance testing. 



the DUT with a single signal. 
Testing the device in a multisig- 
nal environment has required the 
use of many instruments. Coor- 
dinating the signals from these 
multiple instruments to create 
repeatable test conditions using a 
home-brewed test setup has 
been difficult at best. The test 
setup requires either using a com- 
plicated cabling scheme with 
manual calibration of each 
source to feed the DUT in a 
shielded enclosure or placing the 
entire test configuration in a 
Faraday cage, a metallic enclo- 

sure that prevents the entry or 

escape of an EM field, to gain 
repeatability. 

Further complicating the test setup, 
however, is the mobile aspect of WiFi. 
The tests must somehow replicate the 
movement of the DUT or the stimulus 
signals to fully exercise the unit. "The 
whole idea behind WiFi is mobility," says 
Ray Cronin, chief executive officer of 
Azimuth Systems. "You have to have a 
system that will test the effect of mobili- 
ty on the quality of service." 

Providing the means to generate mul- 
tiple controlled stimulus signals, along 
with simulating the effects of mobility by 
using programmable attenuation, has 
been the focus of companies such as 
Azimuth, Ixia, and VeriWave. All of 
these companies have products that pro- 
vide protocol analysis as well as allow the 
coordinated generation of multiple test 
signals for evaluating WLAN devices 
under a wide range of conditions. 

The companies have different ap- 
proaches to the testing, however. The 
Azimuth W-series test platform provides 
a shielded enclosure for the DUT, feed- 
ing it controlled signals through a cable 
system (Figure 2). The test signals come 
from a bank of generator modules under 
the common control of a computer sys- 
tem that specifies the function of each 
module, coordinates signal activity, and 
manages the combination of the RF out- 
puts using programmable attenuators. 
This approach allows the system to mimic 
a variety of traffic patterns and signal 
conditions, including roaming, in a re- 
peatable configuration without the need 
for a shielded room. 
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Full-Featured, Fully Integrated PMIC Powers 
Advanced Applications Processors 



LP3970 Flexible Power Management Unit provides up to 95% Efficiency 



11 Software-programmable 
low-noise LDOs power 
internal jiP and l/Os ^ 



4GP0sforadded 
flexibility 



95% efficient DC-DC DVM 
magnetic buck regulator 
for internal/external memory 



Second buck regulator 
for powering digital core 



Lithium coin-cell backup 
battery charger 



Automatic switching to backup battery 




^)>AUX 4 Digital (2.8V @ 300 mA) 
=^AUX 3 Digital (2.8V @ 300 mA) 
AUX 2 Analog (2.8V @ 150 mA) 
AUX1 Analog (1.8V @ 100 mA) 



EXT_SDRAM 1.8V - 3.3V @ 100 mA ^ 



EXT_SDRAM 1.8V - 3.3V @ 100 mA 



VCC.Mem 1.8V - 3.3V @ 300 mA 



VCC_LCD 1.5V- 3.4V @ 25 mA 



VCC_BB 1.5V- 3.4V @ 25 mA 



VCC_USIM 1.5V - 3.4V @ 150 mA 



VCCJO 1.5V- 3.4V @ 150 mA 



VCC.USB 1.5V - 3.4V @ 150 mA 



VCC_SRAM1.1V@100 mA 



VCC_PLL 1.3V @ 100 mA 



> 
> 



Backup battery 



VCORE 0.8V- 2.0V @ 600 mA 



VCC_RTC 3.0V @ 5 mA 



I'CSCL&SDA 



SD/CF Memory 
Card 



SDRAM 



PXA27X 
XScale® 
or others 
applications 
processor 



PWR_EN 

sys_EN 

nREST 

nVDD_Fault 

nBATT_Fault 



Optimized for 
advanced 
applications 
processors 



High-speed 
serial interface 



LP3970 Features: 

• High-speed PC programmability 

• Standard interface to PXA27x processors 

• Tiny, thermally enhanced LLP-48 package 



For free samples, evaluation boards, datasheets, 
and online tools, visit us today at: 



power.national.com 



Or call 1-800-272-9959 



© National Semiconductor Corporation, 2005. National Semiconductor, (jl , and WEBENCH are registered trademarks of National Semiconductor. 
XScale is a registered trademark of Intel Corporation. All rights reserved. 



Ideal for use in: 

Smartphones, digital video cameras, PDAs, 
personal media players, MP3 players, and other 
high-end consumer devices 



£^ Na t ion a I 

|/r Semiconductor 

The Sight & Sound of Information 



bNERGYDEVICES 



Amazingly 
low impedance 
characteristics! 



Proadlizer Frequency Characteristics 
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A truly revolutionary decoupling 
device for CPUs operating at 
frequencies in the GHz range 

• Lowest impedance characteristics over the 
lOOkHzto IGHz-plus range 

• Capacitance of 200|jF, an ultra low ESR of 
5mQ, and an outstanding ESL of 1pH 

• A decoupling circuit can be conveniently 
formed from a single Proadlizer 




Proadlizer 

Next-generation decoupling device 

NEC/TOKin 

www.nec-tokinamerica.com 



NEC TOKIN America Inc. 

(Headquarters & Western Area Sales) 

32950 Alvarado-Niles Road, Suite 500, Union City, 
California 94587, U.S.A. 
Phone: 510-324-4110 Fax: 510-324-1762 
Nortlieast Sales Office(Chicago Office) 
Phone:1-630-61 3-7225 Fax:1-630-61 3-7001 
Southeast Sales Office(Austin Office) 
Phone:1 -51 2-21 9-4040 Fax:1 -51 2-21 9-4007 

NEC TOKIN Corporation 

Global IVlarl<eting & Sales Division:Tokyo, Japan 
Tel: 81-3-3515-9220 or visit www.nec-tokin.com 
Offices in Germany, France, UK, Sweden, 
Hong Kong, Shenzhen, Shanghai, Taipei, 
Singapore, Malaysia, Bangkok, and Seoul 




Testing a WiFi design requires a connbination of RF- and data-level test equipment that 
designers must use together to fully exercise the protocols (courtesy Agilent 
Technologies). 



The Ixia IxWLAN and VeriWave 
WaveTest systems allow both a cabled 
and an open-air approach (Figure 3). The 
systems feature synchronized control of 
numerous test-stimulus devices to gener- 
ate the network signals and offer control 
of both the transmitting power and 
receiver thresholds of the test-stimulus 
devices to handle spatial relationships- 
The systems can work in a cabled con- 
figuration, in a Faraday cage, or in an 
open-air field environment- The Veri- 
Wave system can also capture signals in 
the field for later playback under labora- 
tory conditions- 

A key attribute of all three systems is 
their scalability. They allow the creation 
of test setups that can mimic dozens of 
access points with hundreds of stations, 
all under automated control This 
approach allows for testing of designs 
against the crowded conditions users are 
likely to find in actual installations as 
well as the measurement of system per- 
formance under such conditions- The 
tests can thus help system administrators 
plan their installations to optimize 
throughput- 

Another key attribute of these systems 
is the level of automation they provide. 
Development teams can outfit these sys- 
tems with vendor-provided software that 
implements a complete compliance- test 
suite using the system. Running these test 
suites does not provide design certification 
but does assure development teams that 
their designs will achieve certification. 



Such protocol test systems help round 
out the testing of WiFi devices by address- 
ing network issues during the test. They 
do not, however, provide measurement of 
the RF parameters, although the Wave- 
Test system can generate triggering signals 
to RF-test equipment to coordinate such 
measurements. Test engineers must test 
the RF portion and the data portions sep- 
arately. WiFi testing may be consolidat- 
ing its tools, but some two-step procedures 
still occur. 

TEST SYSTEMS LAG 

That two-step dance is likely to contin- 
ue for some time. As Azimuth's Cronin 
points out, "A new technology evolves 
ahead of the test technology to support it." 
In the case of WiFi, the technology is still 
evolving. In addition to versions a, b, and 
g, new versions of the 802. 11 standard are 
in development. The 802.1 Iq standard, for 
instance, allows the mapping of virtual 
LANs onto the wireless network. The 
802.1 li version adds new security protocols 
to the network to bolster the privacy of 
wireless connections. Another trend adds 
voice to the wireless networks, requiring 
controlled quality of service and timing. 

To meet the ever-changing needs of 
WiFi designs is WiFi testing's ultimate 
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challenge. Traditional hard- wired products 
are too slow to adapt to the rapidly change 
ing technology- Today's wireless test 
equipment must be adaptable through 
software if there is to be any hope of keep- 
ing pace- 
National Instruments is taking the pro- 
grammability approach in its RF-test sys- 
tem (Figure 4), according to modular- 
instrument product manager Darcy De- 
ment. "As technology evolves, so must 
the test," says Dement. "When the equip- 
ment is software-driven, it lets designers 
keep their tools in line with the chang- 
ing standards. Having an open architec- 
ture, such as Matlab, also allows design- 
ers to get into the test parameters to cus- 
tomize them for their unique needs." 
Azimuth's Cronin agrees that program- 
mability is key to test's keeping pace with 
changing standards. "Without the pro- 
grammability built into tools such as ours, 
changes in the standards would put the 
onus on the developers to create their 
own ad hoc tools," says Cronin. 

With complete system-test tools now 
available, automated RF testing, and tool 
programmability providing a path for 
tracking changes in the standards, devel- 
opers are in a good position to embrace 
WiFi in their next designs. The test tools 
to exercise and validate designs are 
becoming more available — whether for 
game systems to talk with broadband con- 
nections, music players to send data to 
sound systems, or cell phones to switch 
from WANs to LANs. The presence of 
these standardized test tools can mean 
only more innovation and faster growth 
in wireless networking with less designer 
frustration.EDN 
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Get the message: 

Power-management protocol 
rides on industry bus 

THE PMBUS— BASED ON THE TRIED AND TRUE PC HARDWARE 
INTERFACE— OFFERS A POWER-MANAGEMENT COMMUNICATIONS 
PROTOCOL FOR POWER-CONVERSION SUBSYSTEMS. 

As system power requirements have increased in com- 
plexity for telecom and datacom applications, so 
have the communication requirements between the 
system host and its power subsystems. Power-supply 
and power-management-IC vendors initially re- 
sponded by developing proprietary communication 
and control schemes. However, an SIG (Special Interest Group) 
comprising power-management-IC and power-supply vendors, 
after about 18 months of planning, this year released the first ver- 
sion of the PMBus, an open standard for communication between 
host systems and the power subsystems. The PMBus Implementers 
Forum, which the System Management Interface Forum has now 
absorbed, originally developed the standard. 

Communication between the system host and power subsystems has 
been relatively simple, often comprising one line indicating that power 
is either on or off. In complex telecom and datacom applications, such 
an indicator is woefully inadequate. The PMBus SIG members 
believed the time was right for an industry-backed open standard. 



Why does a system need to communis 
cate with its power subsystem beyond a 
simple on/off response? The host must be 
able to tell the power subsystem what the 
system's power needs are or will be and to 
get status information from the subsystem. 
Don Alfano, director of power products 
for Silicon Labs, gives an example: "Let's 
say that you have a large system with a lot 
of high'Current ASICs- And let's say that 
system doesn't necessarily have all of 
these high'Current ICs on at any one 
time, because it's switching them in and 
out to conserve power whenever possible. 
When these ASICs turn on, there is an 
enormous inrush of current. It would be 
nice to give the power subsystem some 
warning that the massive current needs of 
an ASIC will shortly need to be met. The 
power subsystem can begin to position 
itself for a large current load or to limit the 
inrush current. Either way, the subsystem 
can react as an integral part of the system, 
rather than something that just sits there 
and tries to hold the voltage constant." 

The PMBus' physical interface is 
based on the simple and popular PC 
(Inter-IC Bus), a serial bus that Philips 
developed for communication between 
large ICs, typically within a single back- 
plane. As Alfano puts it, "It's a little LAN 
for chips. With only two wires, an almost 
unlimited number of talkers and listeners 
can be on the network. And many micro- 
controllers already have an PC port." 

The PMBus is not the only intersys- 
tem-communication bus based on PC: 
SMBus, which Intel developed for system 
management, is also PC-based. Howev- 
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AT A GLANCE 

El The PMBus applies to relatively 
complex systems, such as telecom 
and datacom applications. 



El The PMBus developers based its 
physical layer on the popular PC bus. 



Designers can implement the proto- 
El col in a power converter's digital 
controller. 



er, PMBus is more robust than its precur- 
sors in that if a chip stops talking on an 
PC bus or the SMBus, the bus hangs up, 
whereas the PMBus times out and boots 
the chip off the network. 

Building on the PC hardware interface, 
the PMBus SIC next developed a proto- 
col for handling power-management 
information. The protocol covers manu- 
facturing information, power-supervi- 
sion and -monitoring commands, and 
power-supply-control commands- Manu- 
facturing information can include infor- 
mation such as serial numbers, lot num- 
bers, codes, and manufacturer-specific 
information. Power-supervision and 
-monitoring commands provide a frame- 
work for the system to communicate with 
the power subsystem's controller, an 
important feature because each power- 
microcontroller vendor has developed its 
own protocol. Dave Freeman, system- 
power-products engineering manager at 
Texas Instruments and TPs representative 
on the PMBus SIG, says, "A lot of power- 
management ICs are out there, and they 
all manage and sequence supplies with 
their proprietary interfaces. One of the 
goals of the SIG was to develop a proto- 
col that would make it simpler for the 
host software to deal with these various 
microcontrollers." 

Power-supply-control commands allow 
the system to set power-supply parame- 
ters, such as frequency, duty-cycle limits, 
compensation, and values for closing the 
power-control loop. Freeman explains 
how TI plans to implement the PMBus 
control protocol in its power-controller 
ICs: "The PMBus will configure and set 
limits and set operational policies for the 
digital controller. The digital controller 
will be responsible for closing the loop 
and operating within the bounds set by 
the PMBus. The PMBus is too slow for 



real-time control as far as closing a con- 
trol loop, but it can set power policy," he 
says. For example, it can define compen- 
sation values for loop closure in sleep 
mode versus the values that the supply 
would use when it is awake. Says Free- 
man, "The PMBus overhead is small com- 
pared to the bandwidth necessary for the 
digital controller." 

Alfano of Silicon Labs agrees and 
points out that, because of the low over- 
head the bus protocol incurs, designers 
can implement the PMBus almost free in 
parts costs and count for subsystems that 
have digital controllers. And he believes 
that most subsystems within the next few 
years will have a digital controller. "Since 
you've already got the microcontroller to 
close your digital-control loop, running a 
PMBus protocol is easy and cheap." 

He underscores the importance of 
using a microcontroller with onboard 
ADCs: You can use the ADC to replace 
analog circuits that provide circuit pro- 
tection such as overvoltage protection, 
current shutdown, and overtemperature 
protection. If you use the additional 
bandwidth in your mixed-signal micro- 
controller to monitor these conditions, 
you can replace several analog compo- 
nents (Figure 1). Other advantages in- 
clude increased reliability from the re- 
duced parts count and the added flexi- 



bility of programmable parameters. 

The specification comprises 115 com- 
mands, such as power-supply temperature 
status and history, output voltage, current, 
and switching offline and online. How- 
ever, a device neither needs nor is likely 
to implement all 1 15 commands. To com- 
ply, all a power subsystem must do is obey 
the physical specification, including the 
electrical and timing specification, and 
implement one standard command. 
Additionally, if you implement com- 
mands that have the same effect, you must 
implement the command according to 
the specification, and, if the system 
doesn't implement a command, it must 
send a nonacknowledgment and not exe- 
cute it. Keith Curtis, principal applica- 
tions engineer for the security, micro- 
controller, and technology-development 
division for Microchip, says the SIG 
insisted that any device claiming PMBus 
compatibility must be able to operate 
stand-alone with no bus connection. 

Having access to a GUI (graphical user 
interface) to develop your application is 
just as important as having the right dig- 
ital controller to interface to the PMBus. 
Curtis, who is chairman of the PMBus 
Reference GUI subcommittee, explains 
the importance of a powerful GUI: "The 
intent of the whole GUI effort is to make 

(continued on pg 60) 



COMPETITION FOR A POWER- ^ 
MANAGEMENT PROTOCOL i 



SIG (Special Interest Group), 
Power-One developed the Z-One 
power-control structure, which pro- 
vides an approach to communica- 
tions between the host and the 
power subsystem. In December 
2004, the company formed the Z- 
One Alliance, which has since 
added power-supply vendor C&D 
Technologies and semiconductor 
vendor Atmel to its ranks. The 
alliance is skeptical about the capa- 
bilities of the PMBus, such as the 
need to individually address each 
POL (point of load) and the lack of 
a core set of commands that must 
be supported to comply with the 
standard. 



WILII IIIU9L dLdllUdlUd, LIIC iiidr- 

ket will have the ultimate say on 
each standard's acceptance (refer- 
ences A, B, and C). 
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While advancing the technology of high speed turning, Mill-Max 
has become North Atnerica's premier manufacturer of machined 
interconnect components. By combining precision-machined pins, 
"mtilti-fmger" receptacles and a variety of insulators, MiU-Max has developed 
an extensive family of high-quality IC sockets and interconnect products. 








Contact. 

Mill-Max and "Maxi'' the kangaroo leap forward with the introduction 
of our single and double row surface mount connectors using 
modular spring-loaded contacts. Their features include: 

• Seven sizes of surface mount contacts available from .177" to .295" 
profile. They can be aixanged in aiTays down to .100" grid. 

• Contacts with a precision-machined piston, base and gold-plated 
components assuring a 40,000 min. cycle life. 

• A long stroke relative to the low profile of the final assembly. 

• A current rating of 2 amps continuous, 3 amps peak. 

• Application specific insulators molded from high temp Nylon 46; 
this material is compatible with all soldering processes including 
"lead-free" profiles. 

• Typically used as the base unit (battery charger) interface for 
portable equipment such as mobile phones/radios, bar code 
readers, medical and test instalments. 
They can also be used as a 
rugged surface-to-surface 
connector between 
circuit boards. 



For more information and 
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(b) 

Figure 1 In an analog power supply with analog circuit protection, the circuit-protection elements are fixed, and both add cost and 
decrease reliability. You can replace all the pale-blue components with a mixed-signal microcontroller, such as the C851 F330 from 
Silicon Labs (a). In an analog power supply with a microcontroller, the microcontroller closes the power-supply-control loop, has 
additional bandwidth to run the PMBus protocol, and can monitor the circuit-protection points through an onboard ADC, thus 
replacing the need for external analog monitoring and protection circuits (b). 
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connector system is more than 
a robust backplane solution, it's 
also a safe investment. GbX is 
capable of delivering speeds of 
up to 10 Gbps, while providing 
high-density with up to 69 real 
differential pairs per linear inch. 
So you'll be prepared for any 
future upgrades without the need 
to redesign your backplane. 

And as daughter cards become 
larger and heavier, the GbX 
connector system is rugged 
enough to endure the stress. GbX 
incorporates signal pins in the 
backplane -instead of the daughter 
card -minimizing pin exposure and 
subsequent damage. Plus, our new 
high performance cable assemblies 
enable integrated backplane and 
custom I/O solutions. 

Where others promise you 
nothing but air, GbX from Molex 
delivers dependable reliability. 

It all adds up to a cost-effective, 
high-performance backplane 
solution that helps keep you safe 
from equipment failures and 
future redesigns. 

For a wide range of high- 
performance copper and optical 
backplane solutions, call Molex 
today or visit our website. 
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it easy for people to get started with an 
upfront configuration. I would expect 
people to take this as a starting point and 
then build their own in-house systems-" 
Curtis expects developers to also control 
the PMBus from environments such as 
Lab View, Virtual Basic, or C, depending 
on their expertise. 

In addition to running on a variety of 
platforms, the GUI must support a vari- 
ety of microcontrollers. "The GUI has to 
be able to run on something as simple as 
a PIC16F785 with an PC interface, up 
through the dsPIC," says Curtis. "The 
GUI must have the kind of range that 
allows it to support a small low-dropout 
point'of'load regulator on a board up 
through the ac/dc converter that's sup- 
plying a rack." Microchip has released the 
PIC16F685/687/689/690, the company's 
first offering that supports the PMBus. 

The SIC will by year-end release a GUI 
that will support debugging, multiple 
command strings, demonstration func- 




Silicon Labs' $199 development kit in- 
cludes an Si8250-based half-bridge 
do/do target board; a real-time firmware 
kernel; and automated development tools. 



tions, and manufacturer-specific com- 
mands. The debugging function allows 
designers to manually enter commands 
and debug initial communications rou- 
tines. The multiple command strings 
include a macro function, and the 
demonstration function takes advantage 
of all the capabilities of the PMBus, dis- 
playing voltages as real numbers rather 
than as hexadecimal values. With the 
manufacturer-specific commands, you 
can change the GUI's front end and have 
it run with your company's name and for- 
mat. You also can use the built-in PMBus 
functions for communication. 

Not all vendors have immediately and 
wholeheartedly embraced the PMBus (see 
sidebar "Competition for a power-man- 
agement protocol"). Semtech recently 
announced its SC900 PC power-man- 
agement IC, which offers the PC interface 
but no PMBus support. Tom Karpus, 
handheld-systems manager for portable 
power products at Semtech, says the com- 
pany is looking at the PMBus, but stayed 
with the PC interface for the SC900. 
"The PC interface offers substantial ben- 
efits to a small, multiregulator device like 
the SC900. PC also involves having an 
address assigned to the device, so there is 
no need to have external pins to set the 
device address, an important considera- 
tion for a miniature device without the 
room for these address-assignment pins," 
says Karpus. He adds that Semtech is 
monitoring the evolution of PMBus for 
future designs. 

Even the staunchest supporters of the 
bus don't claim it excels in all applica- 
tions. Because the designers of the origi- 
nal PC bus developed it for inter- IC com- 
munication, the bus is best for short-haul 
applications, such as within a single board 
or server blade. For intercabinet runs, 
you're better off with a more robust bus. 
The European CAN Bus, whose develop- 
ers targeted automotive applications that 
are similarly noisy environments, is the 
most likely choice.EDil 
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The AD8364 is the industry's only power detector that measures two complex input 
signals simultaneously, enabling cellular base station system designers to solve one 
of their biggest challenges— the accurate measurement of RF signals. The AD8364 
is ideally suited for next-generation cellular infrastructure equipment using complex 
signals with constantly varying peak-to-average ratios, such as CDMA2000, WCDMA, 
and TD-SCDMA. Specific applications include PA (power amplifier) control and lineari- 
zation, antenna VSWR (voltage standing wave ratio) monitoring, transmitter power 
control, and automatic gain control circuits. 



World's First Single-Chip High Precision Capacitance-to-Digital Converter 



Analog Devices' single-chip, high precision capacitance-to-digital converter (CDC) family 
(AD7745/AD7746/AD7747) leverages ADI's expertise in high precision X-A technology 
and system integration by combining 24-bit resolution, superior accuracy of 4 fF, and 
low power (700 |jlA max). In addition to being the industry's highest precision solution 
for interfacing with capacitive sensors, the CDC offers enhanced on-chip functionality 
by integrating a number of analog functions (ADC, clock, multiplexer, temp sensor, 
I^C® Interface, and voltage reference) that result in a cost savings of up to 65% 
over alternative multichip solutions. The AD7745/AD7746/AD7747 are available in 
a 16-lead TSSOP package. 
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• High Precision Measurements 

• Single Chip Solution 
'65% Reduction in Cost 
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$4.60 
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Bulk CMOS Switch Delivers 3 dB Bandwidth in Excess of 4 IVIHz 



The ADG901 family of high frequency switches is the first family of bulk 
CMOS switches to provide 3 dB bandwidths in excess of 4 GHz. It has many 
advantages over traditional RF switching solutions that offer PIN diodes, 
GaAs, pHEMT, and MESFET switches. The ADG901 family of wideband 
switches is also designed to meet the demands of devices transmitting at 
frequencies ranging from dc to ISM band frequencies and higher. Its low 
insertion loss, high isolation between ports, low distortion, and low current 
consumption provide excellent solutions for many high frequency applications 
that require low power consumption and transmitted power up to 16 dBm. 
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ADG901 
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Single-Chip Impedance-to-Digital Converter Delivering Superior Accuracy and Integration 



The AD5933 and AD5934 single-chip impedance-to-digital converters combine 
state-of-the-art digital and analog signal processing techniques in a compact 
integrated solution for impedance measurement. Using a direct digital synthe- 
sizer (DDS) to provide a fine-frequency sweep capability combined with an 
analog-to-digital converter and sophisticated digital signal processing these 
devices allow an external complex impedance (range 100 n to 10 Mfi) to be 
excited with a known frequency of up to approximately 100 kHz. The response 
signal from the impedance is sampled by the on-board ADC and discrete Fourier 
transform (DFT) processed by an on-board DSP engine. The DFT algorithm 
returns a real (R) and imaginary (I) data-word at each frequency point (in the 
case of a sweep) allowing impedance to be conveniently calculated based on an 
initial calibration. The AD5933/AD5934 are available in a 16-lead SSOP package. 



aa5933 Single Cliip ImpeHance Gomerter 



Impedance vs. Frequency 




AD5933 $6.65 
AD5934 $4.35 
www. analog. com/IDC 



ADI's Lens Driver Chip Provides Industry's Smallest, Lowest Cost Solution for Autofocus Applications 

I The AD5398 lens driver features a fully integrated and optimized lens motor and 
actuator driver design that is 80% smaller and one-half the cost of existing discrete 
solutions. Targeted for the mainstream camera phone market and modules with 
image resolution greater than 1 MP (megapixel), the AD5398 features 1 20 mA output 
current sink capability and 10-bit resolution, exceeding the typical performance 
requirements of the application. These performance levels enable fine focus without 
compromising image quality. The device is highly integrated to provide a complete 
solution requiring no external components. In addition to a 10-bit DAC, included 
on-chip are a current sensing resistor and inductive protection diodes — compo- 
nents that typically consume large amounts of board space and introduce unrelia- 
bility to the system — and an internal reference. The AD5398 is available in a small 
8-lead 3 mm x 3 mm LFCSP (lead frame chip scale package) and is priced at less 
I than $1 .00 per unit in volume quantities. 




,AD5398 $1.51 
I www. analog, com/lensdriver 
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Class-D Amplifiers that Boast the "Best-in-Class" Performance and EMI Reduction 



The AD199X amplifiers deliver audiophile sound quality (THD<0.005%; SNR>101 dB; 
PSRR>65 dB) with 50% lower heat dissipation than traditional linear amplifiers. The 
devices' breakthrough performance is achieved through Analog Devices' closed-loop, 
mixed-signal integration of 7th-order X-A modulator technology with high power output 
drive circuitry and bridge circuitry. Radiated and conducted out-of-band RF emissions 
are minimized with Analog Devices' advanced modulation techniques and closed-loop, 
X-A architecture to enable a significant reduction in EMI. 

The AD199X amplifiers, including the AD1990, AD1992, AD1994, and AD1996, are single- 
chip devices containing an integrated stereo modulator and stereo "bridge-tied" load 
(BTL) power stage. Power levels range from Stereo 5 W (Mono 10 W) to Stereo 40 W 
(Mono 80 W). The AD1990/AD1992/ AD1994 are available in a 64-lead LFCSP package 
while the AD1996 is available in a 32-lead PSOP form factor. 




AD1990 
AD1992 
AD1994 
AD1996 



$2.90 
$3.28 
$4.42 
$6.99 



www. analog. com/AD1990 * 



Ultra High Speed Op Amp with Power-Down 



432il 432f> 



7511 
CABLE 




7511 
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High speed video applications such as video signal routing require a high 
level of performance to maintain excellent fidelity. The AD8000 current 
feedback amplifier offers excellent video specifications including a 0.1 dB 
flatness out to 170 MHz, fast settling of 12 ns to 0.1%, and differential 
gain and phase of 0.02% and 0.01°. The AD8000 power-down mode reduces 
the supply current to 1.3 mA. It is available in both 8-lead LFCSP and 
8-lead SOIC. 



AD8000 



$1.68 



www. analog. com/AD8000 



New 256-Position Digital Potentiometer Combines Terminal Voltage Range, Package Size, and Price 



The AD5290 is our new 8-bit digital potentiometer that delivers an unbeat- 
able combination of features and performance in an ultrasmall package 
size. This device performs the same electronic adjustment function as the 
traditional mechanical potentiometers or variable resistors, but with the 
enhanced resolution needed for high voltage designs and the benefits of 
complete digital control. The AD5290 also provides superior temperature 
coefficient performance and solid-state reliability — something that 
mechanical potentiometers can't claim. This package of digital potentiometer 
performance and features is comfortably within the budget of your design. 
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$1.95 
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ADIVI120X Family of Cascading Tracking Devices Provide ±100 mV Accuracy for Multisupply Systems 



The ADM120X family of Simple Tracker tracking devices consists of tiny 6-lead and 
8-lead devices that provide accurate control over the slew rate of voltage rails at 
power-up and power-down. An on-board charge pump generates a voltage to control 
the gate of an N-channel FET. An external capacitor accurately sets the slew rate of the 
gate turn-on and turn-off. The devices can be cascaded to provide a voltage tracking 
solution for multisupply systems. In the standard tracking configuration, the voltages 
will not be more than ±100 mV apart when ramping up and down. The ADM1200 is 
available in 6-lead SOT-23 while the rest of the family is available in an 8-lead TSOT 
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ADM1 200/1 201/1 203 $1.75 
ADM1204 $1.90 
www. analog. com/ADM120x 



Video Amps Offer 97% Lower Standby Power for Portable Consumer Video Applications 



lowest StantHv Power 
UiUeo Amplifier 



• / f/A max stand-by current 
'Low supply voltage: 2.7 V-5 
ail-to-Rall output 




The ADA4850 family of low power amplifiers is designed to enable battery-powered 
video devices to efficiently play back high quality video on televisions. When video 
display is not needed, the amplifiers have a patent-pending low power standby 
mechanism that significantly reduces power consumption — consuming 97% less 
power than the closest comparable devices. The ADA4850 video amplifiers minimize 
operating current to 2.7 mA maximum and have the industry's lowest standby current 
at less than 1 |jlA. This energy consumption breakthrough is achieved using a patent- 
pending internal shutdown mechanism. The devices also include rail-to-rail outputs 
that allow driving line-terminated video lines on single-supply voltages as low as 2.7 V. 
The amplifiers have excellent differential gain and phase of 0.12% and 0.09°, respec- 
tively. Priced to save as much as 50% compared to bipolar and CMOS amplifiers that 
have higher standby power, these amplifiers save space and component costs by 
integrating the low power standby feature in a 3 mm x 3 mm chip LFCSP package. 



ADA4850-1 (100k) $0.45 
ADA4850-2 (100k) $0.59 
I www. analog. com/ADA4850- 1 
[| ^ www.analog.com/ADA4850-2^ 



16-Bit ADC Achieves Industry's Best Noise Performance at 100 MSPS 



As part of a family of high speed converters optimized to deliver higher sample rates 
and improved dynamic performance at competitive prices, the new AD9446 achieves 
a 10x increase in sample rates over competing ADCs while offering 90 dBc SFDR 
and 80 dBFS SNR at baseband— a full 6 dB better than the SNR achieved by the 
closest competing ADC. The AD9446 is also available in an 80 MSPS speed-grade 
option that achieves industry-leading 85 dBc SFDR, while improving the signal-to- 
noise ratio by another 2 dB to 82 dBFS SNR. The AD9446 enables developers of 
instrumentation and automated test and measurement equipment, data acquisition 
systems, medical imaging devices, and advanced military/aerospace communication 
subsystems to build more performance overhead into their designs by capturing a 
better representation of the input signal while using fewer samples. 
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AD9446-100 
AD9446-80 



$79.90 
$72.25 



www. analog. com/AD9446 
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Best Precision, Low Power JFET Amps in the Market 



Designers continue to face power consumption and board space constraints in 
their system designs. The AD8642 and AD8643 are low power, precision, dual 
and quad JFET amplifiers that feature rail-to-rail output, high source impedance, 
low bias current, and low supply current. These amplifiers are ideal for ECG/EKG, 
blood analyzers, and fluid condition monitors as well as those applications 
using multichannel boards and requiring low power to manage heat. 

The AD8642 and AD8643 operate from 5 V to 26 V (+2.5 V to +13 V) and are 
specified at -40°C to +125°C. The device features low input bias current (1 pA 
max), low supply current (250 |jlA max), and offset voltage of 750 |jlV max. 
The AD8642 is available in 8-lead MSOP and 8-lead SOIC Pb-free packages. 
The AD8643 is available in 3 mm x 3 mm 16-lead LFCSP and 14-lead SOIC 
Pb-free packages. 




SUPPLY CURRENT (|.iA) 



AD8642 
AD8643 



$2.32 
$3.80 



www. analog. com/AD8642 




Low Noise, Precision Amp for Low Voltage Applications 



l.JnyHHi Single Sml¥ Precision m 



• Low THD+N: 0.0008% 

• High output current: 220 mA 

• Low offset: 250 fjV max 

■ Low bias current: 10 pA max 




WWW. analog. com/AD8655 i 



The AD8655's low noise and low distortion performance eliminate the need for external 
transistors or the use of multiple amps to lower system level noise in low voltage applica- 
tions. These features along with low offset and offset drift, and rail-to-rail input/output 
are attractive for communications and audio applications as well as data acquisition and 
process controls. The low noise and distortion improves SNR and accuracy for driving high 
resolution ADCs. The AD8655 operates from 2.7 V to 5.5 V and is specified from -40°C to 
125°C. The device features R-R input/output, low noise (2.7 nV/ VlHz), 0.0008% THD+N, 
and an output current of 220 mA. The AD8655 is available in 8-lead MSOP and SOIC Pb- 
free packages. 



i^y^ Rail-to-Rail Op Amp Offers High Output Current and Low Distortion 



When designers seek op amps that provide a large dynamic range to drive light 
loads, they typically seek a rail-to-rail output amplifier that has a wide supply 
range and high output current with good distortion performance. The AD8397 
can offer this performance without compromising output current. The AD8397 
has excellent differential linearity with 310 mA peak output current making it 
ideal for a variety of applications including active filters and twisted pair line 
driving. The device can be used over a wide supply range of 3 V to 24 V. The 
AD8397 is available in a standard 8-lead SOIC package and, for higher power 
applications, a thermally enhanced 8-lead SOIC EPAD package. It operates over 
a temperature range of -40°C to +85°C. 
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DISTORTION VS. OUTPUT VOLTAGE @ 100 kHz, 
(Vs = ±5 V, G = +2, Rl = 25 il) 
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New Class of Integrated Video Filters for Consumer Applications 



Integraieil meo Filters 

Best Picture, lower Cost 



m ^ 



FaDA4410-6 $2.49 
ADA4411-3 $1.89 
UdA4412-3 $1.5^ 
I www.analog.com/ADA4410 mM 




The ADA441X family of integrated filtering products provides 
consistent, high quality video images for consumer applications 
including set-top boxes, HDTV, and DVD players and recorders. 
The parts are designed to filter and drive many types of analog 
video signals, including HD, SD, S-Video, and composite video. 
The products are ideal as reconstruction filters at the DAC out- 
puts of video encoders, but can also be used as antialias filters. 
The ADA441X offers R-R output, 2:1 mux on all inputs, selec- 
table gain X2 or X4, and a wide supply range of +4.5 V to ±5 V. 
The ADA441 0-6 is available in 32-lead LFCSR Both the ADA441 1 -3 
(available in 24-lead QSOP) and the ADA4412-3 (available in 
24-lead QSOP) products release in July 2005. 



New 14-Bit ADC increases Cell Coverage and Reduces Dropped Calls in Base Stations 



The AD9445 is the first 14-bit, 125 MSPS (megasamples per second) 
ADC to achieve a spurious-free dynamic range (SFDR) above 80 dBc 
and a signal-to-noise ratio (SNR) of 72.5 dBFS at input frequencies up 
to 300 MHz, better than competing solutions by a full 1 dB and 4 dB, 
respectively. A converter with high SFDR can capture weak signals in 
the frequency band of interest, despite the presence of strong, inter- 
fering signals. The industry-leading SNR characteristics of the AD9445 
enable wireless infrastructure equipment designers to improve cellular 
base station receivers by offering lower overall system noise at 
higher intermediate frequencies, which translates to expanded 
cellular coverage and fewer dropped calls. A 105 MSPS version 
of the AD9445 is also available at a reduced cost. 
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AD9445-125 $59.50 
AD9445-105 $49.3^ 
^ www.analog.com/AD9445 J|| 
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BY PHIL ZUK • FAIRCHILD SEMICONDUCTOR 



Designing offline power 
supplies using power- 
factor correction 

BY REDUCING AC-LINE CURRENT, SWITCHED-MODE POWER SUPPLIES 
THAT INCORPORATE PFC ARE CUTTING THE COST OF INSTALLING AND 
OPERATING AC-POWERED EQUIPMENT INCREASINGLY, REGULATORY 
BODIES ARE REOUIRING PFC. 



To develop offline power supplies that use PFC 
(power-factor correction), you must first under- 
stand the meaning of PFC and the regulations 
that surround the design of offline power supplies. 
PFC aligns the current waveform with the volt- 
age waveform. If the voltage and current wave- 
forms are not aligned, the PF (power factor) is less than 1 (Fig- 
ure 1 ); otherwise, the PF is equal to 1 (Figure 2). In most cases, 
PF-corrected designs have PFs of 0.95 to 0.98. Most supplies that 
are not PF-corrected have PFs of approximately 0.6. In a three- 
phase system, if the voltage and current waveforms are not 
aligned, nonsinusoidal currents at three times the line frequency 
flow in the neutral line, requiring companies that supply ac 
power to use larger neutral conductors than would otherwise 
be necessary and to install more capacity to produce the required 
number of kilovolt-amperes. These harmonics are tough on 
power systems and can lead to overload and overheating of 
transformers, capacitor banks, and other power-system elements, 
sometimes tripping circuit breakers. 

With this basic understanding of PFC, your next step is to 
determine when to use the PFC technique to comply with reg- 
ulations in the regions where the product you are designing will 
be used. In 2001, the European Union put into effect EN 61000- 
3-2 to establish limits on harmonics as high as the 40th of ac- 
line-powered equipment's input current. Amendment A 14, 



which took effect on January 1, 2001, has eased the impact of 
power-harmonics requirements in Class D, a group of equipment 
now defined far more narrowly than in the original standard: 
PCs, PC monitors, and television sets (Table 1). 

WHAT CAUSES THE PROBLEM? 

On a circuit level, the main cause of PFs of less than 1 in 
SMPSs (switch-mode power supplies) is that the main capac- 
itor, C 



(Figure 3), charges only when V^^ is close to Vp^^^^ or 
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Figure 1 PFC aligns the current waveform with the voltage wave- 
form. If the voltage and current waveforms are not aligned, the PF 
(power factor) is significantly less than 1 . 



TABLE EN 61 000-3-2 AND AMENDMENT A14 FOR PFC 


EN 61000-3-2 Classification Scheme 


Amendnnent A14 Classifications 


ICIass A: balanced three-phase equipment, single-phase 
■equipment not in other classes 


Class A: balanced three-phase equipment; household appliances^^ 
excluding equipment identified as Class D; tools except portable 
tools; dimmers for incandescent lamps but not other lighting equip- 
ment; audio equipment; anything not otherwise classified 


Class B: portable power tools 


Class B: no change 


1 Class 0: lighting equipment with power requirements 
1 greater than 25W 


Class C: all lighting equipment except incandescent-lamp dimmers 

m 


Class D: not Class B or 0, single-phase, not motor driven, requiring 
less than 600W, and possessing a special waveshape 


Class D: single-phase, requiring 75 to 600W, PCs, PC monitors, 
TV receivers 
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Figure 2 If the voltage and current waveforms are aligned, PF 
is 1. 
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Figure 5 The boost converter adds a series inductor and MOS- 
FET switch to the circuit of Figure 3. 
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Figure 3 The input to a non-power-factor-corrected SMPS is typi- 
cally a rectified sine wave. 
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Figure 4 The bulk capacitor charges during the relatively brief por- 
tion of the ac-line cycle when the rectified voltage exceeds the 
bulk-capacitor voltage. 
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Figure 6 You can design an SMPS with a stand-alone PFC con- 
troller (a) or with a combined PFC/PWM-combo controller (b). 



when Vjj^ is greater than the capacitor voltage, V^^^^^ (Figure 4)- 
To achieve a PF-corrected power output, designers often use a 
boost converter to maintain a voltage higher than the line volt- 
age's peak value- The boost topology maintains this increased 
voltage; the PFC controller makes the average inductor current 
proportional to the input-voltage waveform. The boost topol- 
ogy also allows the average inductor to charge the input capac- 
itor, Cjj^, now on the output side of the boost controller rather 
than after the bridge-diode device (Figure 5). 

Several IC manufacturers provide PFC boost converters- For 
example, Fairchild offers discontinuous- and continuous-mode 
devices- Some of these, such as the FAN7527B, are stand-alone 
PFC controllers (Figure 6a). Others, such as the FAN4803, inte- 
grate PFC and PWM operation into one packaged device that 
supplies more than 500W (Figure 6b). This variety allows 
designers to develop offline power supplies that use fewer com- 
ponents and require less space. These combo devices not only 



achieve PFC control, but also use flyback, forward, or other types 
of voltage-conversion topology to convert from large dc volt- 
ages, such as 385V dc, to 12V dc. 

DISCONTINUOUS OR TRANSITION MODE 

Discontinuous-mode controllers, such as the FAN7527B, 
offer PFC control at output-power levels up to and including 
200W. Such devices operate in the discontinuous mode in 
which the boost converter's MOSFFT turns on at zero induc- 
tor current and turns off when the current meets the desired 
input-reference voltage (Figure 7). In this way, the input-cur- 
rent waveform follows that of the input voltage and achieves 
an average inductor current that is in phase with the input 
voltage. 

Compared with continuous-mode devices, discontinuous- 
mode units have higher PR and skin-effect losses, use larger mag- 
netic cores, and require larger input filters because of the larg- 
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Integrated Switches 
Up to 95% Efficiency 
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Figure 7 In the discontinuous mode, the boost converter's MOS- 
FET turns on at zero inductor current and turns off when the cur- 
rent meets the desired input-reference voltage. 
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Figure 9 Continuous-mode zero-voltage switching uses an LC- 
resonant tank circuit to discharge the MOSFET's C^^^ (output 
capacitance). 




Figure 8 In the continuous mode, the current in the energy-trans- 
fer inductor never reaches zero during the switching cycle. 



er inductor-current swings. On the positive side, use of these 
devices is less complex because they switch the boost MOSFET 
on when the inductor current is zero, so the boost diode needs 
no reverse-recovery-current specification, which allows the use 
of a less expensive diode- Also, the use of variable switching fre- 
quencies spreads the spectrum of the EMI (electromagnetic- 
interference) signature that results from the boost switch's zero- 
current turn-on. 

Continuous- or hard-switcher modes typically suit SMPS 
power levels greater than 200W. In this mode, the boost con- 
verter's MOSFET does not switch on when the boost induc- 
tor is at zero current. Instead, the current in the energy-trans- 
fer inductor never reaches zero during the switching cycle 
(Figure 8). 

In consequence, the current swing is less than in the discon- 
tinuous mode, resulting in lower PR losses, lower inductor-core 
losses, and reduced EMI, which allows the use of a smaller input 
filter. However, because the MOSFET turns on when the induc- 
tor and diode currents are nonzero, a fast reverse-recovery diode 
is necessary to minimize losses. 

CONTINUOUS MODE USING ZVS 

Designers can use various techniques to reduce the hard 
transition of a continuous-mode PFC controller. Fairchild's 



Or 




CONTROL 



Figure 1 U In this ZVS buck converter, when turns on, 
V(.p=Vj^3=VpQ = 0. When turns off, the voltage across 
increases linearly and works with L^^ to dissipate the charge 
stored in C^c^q- 



FAN4822 implements one such technique, ZVS (zero-voltage 
switching). The primary purpose of using ZVS is to reduce the 
power loss or power dissipation in the PWM switch during turn- 
on. More losses occur in the external MOSFET with the 
increase in switching frequency. This technique uses an LC-res- 
onant tank circuit to discharge the MOSFET's C^gg (output 
capacitance. Figure 9). This capacitance is the sum of the C^^g 
(drain-to-substrate capacitance) and C^^^ (gate-to-drain capac- 
itance). ZVS works well with power supplies that switch at fre- 
quencies greater than 100 kFlz. It also reduces the MOSFET's 
gate-drive requirements because the C^^^ charge does not exist 
when the V^^g (drain-to-source voltage) equals zero. 

When the switch is off, you have a charge, E, on C^gg of 
E= l/ZC^ggV^^g^ with VQg=OV. Once the switch turns on, this 
energy dissipates and can become a limiting factor in SMPS 
topologies. As the switching frequency increases, so does the 
power dissipation: 

PD = Exfs, 

where P^^ is the power dissipation, E is the energy stored with- 
in C^gg, and fg is the switching frequency. 

In its basic form, ZVS works as follows (Figure 10): When 
switch turns on, ^qr^^ds^^' V^^^^O.When switch 
turns off, the voltage across the C^^ (resonant capacitor) increas- 
es linearly and works with the (resonant inductor) to dissi- 
pate the charge stored in C^gg. Note: Lq>>>Lj^. The voltage 
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PFC SECTION 



PWM SECTION 




Figure 1 1 The major steps in the operation of this TEM/TEM con- 
verter are energizing the PFC inductor (a), charging the PFC bulk 
capacitor (b), and powering the output (c). 



across then reverses polarity, and begins to conduct, there- 
by expending the energy stored in L^.The resonant inductance- 
capacitance network components, and L^, are selected based 
on the maximum input voltage V^^j^^^ and minimum output 
current Iqwtxt for the circuit to remain resonant over all oper- 



ating conditions of line and load- 
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LEM/TEM VERSUS TEM/TEM 

In its combo mode (PFC/PWM) devices, Fairchild uses a 
patented LEM/TEM (leading-edge modulation/trailing-edge 
modulation) technique, in which the PFC and PWM switch- 
es are synchronized so that the PFC switch turns off just as the 
boost switch turns on. This technique allows the PFC bulk 
capacitor to be smaller than normal because it does not power 
the output all by itself; the PFC inductor helps out- Typically, 
PFC/PWM controllers use TEM/TEM, which results in an addi- 
tional step as well as a larger PFC bulk capacitor (Figure 11)- 

Figure 11a shows the energizing of the PFC inductor. Figure 
lib shows the energy from the inductor transferring into the PFC 
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Figure 1 2 To perform the function of the converter in Figure 1 1 , 
this LEM/TEM converter needs only two steps: energizing the 
PFC inductor (a) and charging the PFC bulk capacitor and pow- 
ering the output (b). 



bulk capacitor. When you close the PWM switch, the energy with- 
in the PFC bulk capacitor drives the load (Figure 11c)- Every time 
this cycle repeats, the PFC bulk capacitor has to be fully charged 
because it is fully discharged when the PWM switch closes- 

In LEM/TEM, the PFC and PWM switches are tied together 
such that, when one is opening, the other is closing, so when 
the PFC switch is open, the PWM switch is closed, and vice versa. 
Initially, when the PFC switch is closed, the PFC inductor is ener- 
gized- Once the PWM switch is closed, 
both the output and the PFC bulk 
capacitor are energized- Figures 12a 
and 12b show that upon repetition of 
this cycle, the PFC bulk capacitor does 
not have to be as large as that in 
TEM/TEM because it does not power 
the output all by itself; the PFC induc- 
tor helps out. 

The potential for reducing operating costs by minimizing wast- 
ed power explains why device-side PFC has become important 
in so many products' power systems and is expected to increase 
the PFC-controUer market to $175 million in 2006. Many stan- 
dards (for example, EN 61000-3-2) are driving PFs toward 1 and 
are requiring minimum total-harmonic distortion in systems that 
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Testing serial 
gigahertz-speed buses 

REPLACING DIGITAL PARALLEL BUSES IN COMPUTER AND DATACOM APPLI- 
CATIONS WITH SERIAL HIGH-SPEED BUSES HAS SIGNIFICANT IMPLICA- 
TIONS. SIGNAL-INTEGRITY EFFECTS MAY EMERGE AS ISSUES. ENGINEERS 
CAN USE STANDARD STIMULUS/RESPONSE TEST EOUIPMENT TO PERFORM 
DEMANDING PHYSICAL-LAYER TESTS. 



Engineers have for many years used wide parallel dig- 
ital buses, such as PCI, SCSI, and parallel ATA, 
for interconnects in the computer and datacom 
industry. Over time, the clock speeds of these buses 
increased to several hundred megahertz. Although 
the pace may have slowed a little bit, the ever- 
increasing demand for more bandwidth naturally has led to ever- 
higher processor clock speeds. At clock rates of approximately 
1 GHz, however, parallel buses have become roadblocks on the 
data highway. Currently, engineers could overcome these chal- 
lenges, such as synchronizing parallel data lanes at rates greater 
than 1 GHz, only with massive, probably unjustified technical 
effort. This scenario is especially true if you consider that, all 
of a sudden, digital designers are in the realm of "digital 
microwave." Thus, they are often unprepared to cope with nasty 
effects, such as EMI and jitter (phase noise). Traditionally, such 
effects occur only in RF designs, and engineers could ignore 
them at lower data rates. 

To overcome the physical limitations of the legacy buses and 
to cope with the new challenges, the trend is to migrate to seri- 
al, differential high-speed buses, such as PCI Express, SAS 
(serial-attached SCSI), or serial ATA (SATA). Figure 1 illus- 
trates an example of computers using high-speed buses. Other 
examples include using PCI Express, RapidIO, and InfiniBand 
for chip-to-chip interconnects and on the bus and backplane 
level and using SATA on the system level. 

In addition to overcoming the 1- 
GHz barrier, serial-bus implementa- 
tions, such as PCI Express, offer sig- 
nificant advantages, including scala- 
ble performance, hot-plug and -swap 
capability, peer-to-peer communica- 
tion without involving the processor, 
and low power consumption. 

Clock speeds exceeding 1 GHz — 
for example, 1.5 GHz for SATA and 
2.5 GHz for PCI Express — edge rates 
of less than 1 nsec, crosstalk, imped- 
ance mismatches, EMI, and jitter 
require careful modeling of the trans- 
mission channel. Coping with the 
effects of digital microwave requires 
innovative approaches. As an exam- 
ple, PCI Express uses spread-spec- 
trum clocking to prevent EMI. 
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You need complementary, innovative test equipment to assist 
the design phase and for the verification and manufacturing test 
of the OSI (open-systems-interconnect) layers. The low-level 
PHY (physical layer) defines the physical characteristics of the 
signal — for example, the voltage levels and timing — to ensure 
the reliable transmission of the raw bits. 

The following two examples provide state-of-the-art PHY test- 
ing with digital stimulus/response test equipment. On the stim- 
ulus side, this equipment typically comprises a pulse-pattern gen- 
erator for generating flexible, high-quality test signals. A func- 
tion generator might complement this digital workhorse by 
inserting jitter into the pulse generator's output signal. The 
response side typically uses oscilloscopes, sometimes with com- 
plementary logic analyzers. This article focuses on the require- 
ments and capabilities of advanced pulse-pattern-generator and 
oscilloscope options using two examples: PCI Express receiver- 
design-validation test and SATA PHY-compliance test. 

PCI EXPRESS RECEIVER-DESIGN VALIDATION 

PCI Express, a third-generation I/O architecture, addresses the 
ever- increasing need for I/O bandwidth by providing a point- 
to-point, high-speed, low-pin-count option. As with each new 
architecture, you must resolve new interoperability and com- 
pliance design challenges. Various test-equipment vendors' tool 
sets help to quickly and efficiently resolve these new challenges. 
You need to validate the proper operation of PCI Express trans- 
ceivers. Validating the trans- 
mitter is straightforward. It 
simply connects to a logic ana- 
lyzer or an oscilloscope, and you 
directly measure the waveform 
or eye pattern. The validation 
test of the receiver is more chal- 
lenging, as you can only indi- 
rectly derive it. The basic idea 
is to apply a known test pattern 
to the receiver and to measure 
the transmitter's response. 

The test consists of a suitable 
pulse-pattern generator that 
generates the stimulus signal. 
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Figure 1 Computers can use high-speed buses. 



sequences such as TS^ may con- 
tain multiple megabytes of 
data, consider employing a 
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straightforward'tO'Use pattern editor. For specific tests, a func- 
tion generator complements the stimulus part to insert jitter — 
sinusoidal, for instance — into the pulse generator's output sig- 
nal. To that end, you want a wide jitter- insert ion bandwidth. 
On the response side, you can use either an oscilloscope or a 
logic analyzer. Alternatively, you could choose a bit-error-rate 
tester. 

You conduct the stimulating training sequence under nomi- 
nal conditions for the functional tests and superimpose stress 
for the stress tests (Figure 2). You apply stress to the DUT 
(device under test) by using various levels and swing, adding 
noise to the levels in common and differential mode, or adding 
jitter to reduce the eye opening. 

The receiver-compliance tests that the PCI Express standard 
specifies comprise receiver- voltage, jitter- tolerance, common- 
mode, and crosstalk tests. You conduct the basic receiver-volt- 
age test by applying a defined training sequence (pulse-gener- 
ator output) to the PCI Express receiver and measuring the 
response of the transmitter with a logic analyzer or an oscillo- 
scope. The test generates the signals both with the minimum 
specified voltage swing and then again with the maximum 
allowed voltage swing. The system achieves compliance when 
the DUT responds with the expected sequence in both cases. 

The definition of "jitter" is the short-term variation on the 
zero-crossing time from the ideal position in the time domain. 
A reference clock that you recover from the data stream gives 
the ideal position. The reference has to track the spread-spec- 
trum clock and wander, but not jitter. You perform reference- 
clock extraction using either hardware or a software phase- 
locked loop. For the jitter- tolerance test, you basically conduct 
the receiver- voltage test with random noise, sinusoidal jitter, or 
both, superimposed on the training sequence. You achieve the 
jitter injection by appropriately combining the output signals 
of a function generator and a pulse generator. To that end, you 
apply a standard function-generator waveform, such as a sine, 
triangle, or square, to the pulse-pattern generator's jitter- inser- 
tion port (delay-control input). The bandwidth of the pulse-pat- 
tern generator's jitter- input port needs to be adequate. You deter- 
mine the receiver's jitter budget by adjusting the jitter ampli- 
tude until the device no longer generates the expected response. 

The common-mode compliance test again comprises a pulse 
generator, a function generator, and an oscilloscope. This test 
adds common-mode noise to the nominal stimulus signal of the 




Figure 3 In this SATA-signal-quality-compliance-test example, 
screen shots show commercially available SATA-test software 
running on a high-speed, real-time oscilloscope after a transmit- 
ter-compliance test. 
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Figure 2 For functional tests, you conduct the stimulating training 
sequence under nominal conditions; stress tests superimpose 
stress. 



pulse-pattern generator by again using a function (noise) gen- 
erator and the help of a power combiner. You achieve compli- 
ance in case the DUT responds with the expected data output. 

Finally, the crosstalk-on-idle test requires the same instru- 
ments as in the other tests. This test, however, applies only sin- 
gle-ended noise on a transmission line adjacent to the tested one. 

For more details on PCI Express receiver-design-validation 
tests, such as those on the generation of pre- and de-emphasized 
signals, see Reference 1. You can also find information on jit- 
ter measurements at Reference 2. For further information on 
advanced jitter analysis with wide-bandwidth sampling oscil- 
loscopes (communication analyzers), see Reference 3. These 
references also cover total-jitter measurement as well as the sep- 
aration of jitter into random and deterministic jitter. 

SATA PHY-COMPLIANCE TEST 

Engineers use SATA for connecting disk drives to mother- 
boards or host adapters. The data-transfer rate of first-genera- 
tion SATA (Generation I or SATA-I) is 1.5 Gbps. The equiv- 
alent data rate is 150 Mbytes/sec. SATA- 1 1 runs at twice that 
speed: 3 Gbps and 300 Mbytes/sec. The first devices recently 
became commercially available. SATA-III will run at 6 Gbps 
(600 Mbytes/sec). 

You use compliance tests to guarantee the signal quality (eye 
pattern, jitter), out-of-band signaling, ac/dc common-mode volt- 
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Figure 4 In this SATA out-of-band compliance test, the top signal 
trace displays the pulse generator's stimulus signal. The lower 
traces show the DUT's response in a single-ended and in a differ- 
ential display. Here, the DUT properly responds to an initialization 
sequence that is in line with the specification. 
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age, and receiver sensitivity (squelch test)- 
The tests are similar to the PCI Express 
ones; therefore, the test-equipment re- 
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quirements are similar. The recommend- 
ed equipment again comprises a pulse-pat- 
tern generator, a function generator, and 
an oscilloscope. Test-equipment vendors 
offer comprehensive — sometimes free — SATA-compliance-test 
software. The software can run on the oscilloscope and can con- 
trol the pulse-pattern generator. 

Figure 3 provides an example for a specific SATA-compliance 
test. The figure shows screen shots of commercially available 
SATA-test software running on a high-speed, real-time oscillo- 
scope after a successful transmitter-compliance test. The system 
passes the test if the transmitted test pattern does not violate 
the given mask. For the SATA protocol, out-of-band signaling 
is particularly important. You conduct out-of-band-signaling tests 
to ensure that the host and the device properly establish com- 
munication. You use so-called beacon signals to initialize the link 
between a host (the PC) and its client (the hard-disk drive) for 
this test. This test sends multiple data bursts to the DUT for dif- 
ferent device states. The bursts always contain the same data. 
The bursts differ only in their signal-to-pause ratio, and user- 
friendly pattern editors can easily generate them. The compli- 
ance tests send all possible out-of-band signals to the DUT with 
the beacon-to-pause ratio set to both the maximum and the min- 
imum allowed ratio for each state. In addition, this test checks 
the behavior of a DUT for a ratio outside the specified range. 



As in the PCI Express tests, this test mon- 
itors the reply data of the DUT's trans- 
mitter to determine whether it properly 
received the stimulus signal. 

Figure 4 depicts an example of an out- 
of-band-signaling test. The top signal trace 
displays the pulse generator's stimulus sig- 
nal. The traces below show the response of the DUT in single- 
ended and differential displays. In this example, the DUT prop- 
erly responds to an initialization sequence that is in line with 
the specification.EDN 
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regulators are well suited to telecom, automotive and industrial applications. 



▼ High Voltage Regulators 



Part 
Number 


Device 
Architecture 


V|N 

Range 


'sw 
(A) 


Frequency 


Iq 


Package 


LT3010 


High Voltage LDO 


3.0V to 80V 


0.05^ 


N/A 


30|iA 


MS8E 


LT3014/HV 


High Voltage LDO 


3.0V to 80V/100V** 


0.02^ 


N/A 


7|iA 


DFN,ThinSOT™ 


LT3012/13 


High Voltage LDO 


4.0V to 80V 


0.25^ 


N/A 


55/65|LiA 


DFN,TSS0P-16E 


LT3433 


Buck-Boost Regulator 


4Vto 60V 


0.50 


200kHz 


100|LiA 


TSS0P-16E 


LT3437 


Step-Down Regulator 


3.3V to 60V/80V** 


0.50 


200kHz 


100|iA 


DFN,TSS0P-16E 


LT1 976/77 


Step-Down Regulator 


3.3V to 60V 


1.50 


200/500kHz 


100|LiA 


TSS0P-16E 


LT3434/35 


Step-Down Regulator 


3.3V to 60V 


3.00 


200/500kHz 


lOO^A 


TSS0P-16E 


LT3800/LT3724 


Step-Down Controller 


4.0V to 60V 


10.00* 


200kHz 


lOO^A 


TSS0P-16E 


LTC3703/-5 


Synch. Step-Down Controller 


4.1Vto100V 


20.00* 


600kHz 


1.5nnA 


SS0P-16E 



Info & Online Store 



www.linear.com 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT LTC, LT are registered trademarks and SwitcherCAD and 
ThinSOT are trademarks of Linear Technology Corporation. All 
other trademarks are the property of their respective owners. 



*Depends on MOSFET Selection, **Transient Capable, ^Iqut foi" LDO 
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READERS SOLVE DESIGN PROBLEMS 



Precision full-wave signal rectifier 
needs no diodes 

Jose M Blanes and Jose A Carrasco, 
University Miguel Hernandez, Elche, Spain 

□ Rectifier circuits based on semi- which generally don't affect the accu- 

conductor diodes typically han- racy of the rectification process. How- 

die voltage levels that greatly exceed ever, the rectified signal's accuracy suf- 

the diodes' forward-voltage drops, fers when the diode's voltage drop ex- 





Figure 1 This precision full-wave-rectifier circuit uses two op amps and no 
diodes. When altering the basic design, note that resistors R3 and are both 
twice the value of R2and that R^ and R^ are equal. 




-CH3(5V/D1V) 

VoUT 



-CH2 (5V/DIV) 

Vhalf 



-CHI (5V/DIV) 

ViN 



Figure 2 From bottom to top, the waveforms show V,^ (CH1), V^^^f and 
VouT (CH3). 



DIs Inside 

82 1 -Hz to 1 00-MHz VFC features 
1 60-dB dynamic range 

86 Cascode MOSFET increases 
boost regulator's input- and 
output-voltage ranges 



ceeds the applied voltage. Precision rec- 
tifier circuits combine diodes and oper- 
ational amplifiers to eliminate the 
effects of diode voltage drops and 
enable high- accuracy, small-signal rec- 
tification. By taking advantage of mod- 
em operational amplifiers that can han- 
die rail'to-rail inputs and outputs, the 
circuit in Figure 1 dispenses with 
diodes altogether, provides full-wave 
rectification, and operates from a sin- 
gle power supply- 

The circuit operates as follows: If 
Vjj^>OV, then IC^^'s output, V^^^f' 
equals V^^^/Z, and IC^g operates as a sub- 
tracter, delivering an output voltage, 
Vq^^, equals V^^. In effect, the circuit 
operates as a unity-gain follower. If 
Vjj^<OV, then V^^^f^^^' 
cuit behaves as a unity-gain inverter 
and delivers an output of Vq^^= ~%n' 
Figure 2 shows the circuit's input sig- 
nal at V^^^; its intermediate voltage, 
^HALF' output voltage, Vq^^. 

The circuit uses a single National 
Semiconductor LMC6482 chip and 
operates in the linear regions of both 
operational amplifiers- Suggested ap- 
plications include low-cost rectification 
for automatic gain control, signal 
demodulation, and process instrument 
tation. The circuit relies on only one 
device-dependent property: The amp- 
lifiers must not introduce phase inver- 
sion when the input voltage exceeds 
the negative power supply; the LMC- 
6482 meets this requirement- 
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1 -Hz to 1 00-MHz VFC features 
1 60-dB dynamic range 

Jim Williams, Linear Technology Corp 



The VFC (voltage'tO'frequen- 
cy-converter) circuit in Figure 1 
achieves a wider dynamic range and a 
higher full-scale output frequency — 
100 MHz with 10% overrange to 110 
MHz — by a factor of 10 over any com- 
mercially available converter. The cir- 
cult's 160'dB dynamic range spans 
eight decades for a to 5 V input range 
and allows continuous operation down 
to 1 Hz. Additional specifications 
include 0.1% linearity, a 250'ppm/°C 



gain/temperature coefficient, a l- 
Hz/°C zero'point shift, and a 0.1% fre- 
quency shift for a 10% power-supply- 
voltage variation. A single 5V supply 
powers the circuit. 

Chopper-stabilized amplifier IC^ an 
LTC-1150, controls a crude but wide- 
range oscillator core comprising bipo- 
lar transistors and and inverters 
IC^^ and IC^g. In addition to deliver- 
ing a logic-level output, the oscillator 
core clocks divide-by-four counter IC3, 



which in turn drives IC^, a 74HC4060 



configured as a divide-by- 16 counter. 

After undergoing a total division by 
64 in IC3 and IC^, the oscillator core's 
output drives a charge pump compris- 
ing IC5, an LTC6943, and its associat- 
ed components. The averaged differ- 
ence between the charge pump's output 
and the applied input voltage appears 
at the summing node and biases ICp 
thereby closing the control loop 
around the wide-range oscillator core. 



OSCILLATOR 
CORE 

2N3904 



_ PI CLR1 
IC3 

74AHC74 0LK2 
Q2 P2 CLR2 




-O OUT 

1 Hz TO 100 MHz 



SERVO " 
AMPLIFIER 



IO4 
74HC4060 

CLR 

FEEDBACK 
DIVIDER 



Q4 



14 

o- 



1 



-Q1 ^.F 



R5 

1 00 \Cq 

-V// 1 LT1460 

2.5V 



T 



NOTES: 
1 



) METAL-FILM, C4, C5: WIMA TYPE FKP-2 CAPACITORS, 



D^: JPAD-500, D2, D3: BAT-85, R5, Rg, Rq'. TRW-IRCTYPE MAR-6, IQ 
AND C7, Cq-. WIMA TYPE MKS-2 CAPACITORS. 
CONNECT ALL COMPONENTS AT Q/S COLLECTOR WITH A MINIMUM-AREA AIR-INSULATED "FLOATING" JUNCTION 
OVER A RELIEVED AREA OF GROUND TO MINIMIZE STRAY CAPACITANCE. 

ENCLOSE R11 AND ITS CONNECTIONS TO Rg, R^q, IC/S INVERTING INPUT, C7, AND PINS 5 AND 1 2 OF IC5 WITHIN SOLDER- AND 
COMPONENT-SIDE GUARD TRACES TO INTERCEPT ANY BOARD-SURFACE LEAKAGE CURRENTS. 
(NOTE THAT THE DASHED LINE DEFINES THE GUARD TRACE.) 

CONNECT IC 'S UNUSED INPUTS TO GROUND. THE SCHEMATIC OMITS POWER-SUPPLY CONNECTIONS TO MOST ICS FOR CLARITY 



Figure 1 Featuring a 1 60-dB dynamic range corresponding to a 1 -Hz- to 1 0O-MHz-frequency span, this voltage-to-fre- 
quency converter operates from a single 5V power supply. 
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Low Noise CMOS 



Low Frequency Noise 



Higli Frequency Noise 




Competitors 
Op Amp Noise Dominates 




LTC6241 
en=7nV/VHz 
1IVIQ R Noise Dominates 



0.1Hz to 10Hz Input Referred 



1lcHz to lOOIcHz Noise Voltage Density 

IpF 

2pF 1 mn 

Diode ^^^^^ 

IpA, 125}iV CMOS Amplifier Shatters the Noise Barrier 

The LTC®6241 minimizes a fundamental error source, voltage noise, inherent in conventional CMOS amplifier designs. 
For the first time, designers of high precision systems can obtain superb DC precision with unprecedented low noise, 
with a high input impedance CMOS op amp. Featuring exceptionally low noise over a wide frequency range, the LTC6241 
allows maximum signal resolution in demanding applications. 




▼ Features 



O.lHz to lOHz Noise: 550nVp.p 
IpA Input Bias Current 
125iiVMax. Offset Voltage 
2,5\NrC Max. Offset Drift 
124dB Voltage Gain 
18MHz Gain Bandwidth Product 
3pF Input Capacitance 
Rail-to-Rail Output 
2.8V to 1 IV Supply Operation 
3mm X 3mm DFN <Sl SO-8 Packages 
LTC6241 (Dual): 
$1.25 each in IkOty. 



Vqs Distribution 



1 1 1 1 

Vs = +2.5V 
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www.linear.com 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 
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XT LTC, LT are registered trademarks and Hot Swap and 
ThinSOT are trademarks of Linear Technology Corporation. All 
other trademarks are the property oj their respective owners. 
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The circuit's extraordinary dynamic 
range and high speed derive from the 
oscillator core's characteristics, the 
divider/charge-pump-based feedback 
loop, and IC^'s low dc input errors- Both 
IC^ and IC^ help stabilize the circuit's 
operating point by contributing to 
overall linearity and stability. In addi- 
tion, IC^'s low offset drift ensures the 
circuit's 50-nV/Hz gain-versus-fre- 
quency characteristic slope and permits 
operation as low as 1 Hz at 25°C- 

Applying a positive input voltage 
causes IC^'s output to go negative and 
alter Q^'s bias. In turn, Q^'s collector 
current produces a voltage ramp on 
(upper trace in Figure 2). The ramp's 
amplitude increases until Schmitt trig- 
ger inverter IC^^'s output (lower trace 
in Figure 2) goes low, discharging 
through (connected as a low- 
leakage diode). Discharging resets 
IC^^'s output to its high state, and the 
ramp-and-reset action continues. 

The leakage current of diode Dp a 
Linear Systems JPAD-500, dominates 
all other parasitic currents in the oscil- 
lator core, but its 500-pA maximum 
leakage ensures operation as low as 1 
Hz. The two sections of charge pump 
IC5 operate out of phase and transfer 
charge at each clock transition. Com- 
ponents critical to the charge pump's 
stability include a 2.5V LT-1460 volt- 
age reference, IC^; two Wima FKP-2 
polypropylene film/foils; 100-pF capac- 
itors, and C^; and the low charge- 
injection characteristics of IC^'s inter- 
nal switches. 

The 0.22-|jlF capacitor, C^, averages 
the difference signal between the input- 
derived current and the charge pump's 
output and applies the smoothed dc sig- 
nal to amplifier IC^ which in turn con- 
trols the bias applied to and thus the 
circuit's operating point. As noted, the 
circuit's closed-loop-servo action re- 
duces the oscillator's drift and enhances 
its high linearity. A l-fxF Wima MKS- 
2 metallized-film-construction capaci- 
tor, Cg, compensates the servo loop's 
frequency response and ensures stabil- 
ity. Figure 3 illustrates the loop's well- 
behaved response (lower trace) to an 
input- voltage step (upper trace). 




Figure 2 On a 700-MHz real-time oscilloscope, the oscillator-core waveforms at 
a 40-MHz operating frequency show the ramp-and-reset waveform at Q/s col- 
lector (upper trace) and Q2's emitter (lower trace). 




Figure 3 In response to an input-voltage step (upper trace), the voltage at the 
circuit's summing junction shows a 30-msec settling time. 



For the circuit to achieve its design 
goals, certain special techniques and 
considerations apply. Diode D^'s leakage 
current dominates all other parasitic 
leakage currents at IC2^'s input, and 
thus must always supply sufficient 
source current to sustain oscillation and 
ensure operation as low as 1 Hz. 
The circuit's 100-MHz full-scale 



upper frequency limit forces stringent 
restrictions on the oscillator core's cycle 
time, and only 10 nsec is available for 
a complete ramp-and-reset sequence. 
The reset interval imposes an ultimate 
speed limit on the circuit, but the upper 
trace in Figure 2 shows a 6-nsec reset 
interval that falls comfortably within 
the 10-nsec limit. A path from the cir- 
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PROVEN ELECTRONIC 
AUTHENTICATION SOLUTIONS 
PROTECT YOUR INVESTMENT 

1-Wire® memory products provide a wide range of low-cost*, well-tested, and proven authentication 
solutions. Options range from customization of the unique, 64-bit serial number factory-lasered into each 
device (providing controlled procurement access) to secure crypto-strong ISO/IEC 10118-3, SHA-1-based 
challenge and response for mutual authentication. 




OUR SOLUTIONS 




FORIWOREINFORIVIATION 
'NCLUDING PRICING ' 

i'^'wPLEs, Dm sheets' mo 

APP NOTES, GO TO: 
maxim-i 



Part 


Description 


Auttientication Feature 


DS2432 


Ikb EEPROM with SHA-1 authentication 


Bidirectional SHA-1 challenge and response 


DS28E01-100** 


Ikb EEPROM with SHA-1 authentication 


Bidirectional SHA-1 challenge and response 


DS2401,DS2411 


64-bit ROM serial number 


Customized 64-bit ROM 


DS2431 


1kb EEPROM 


Customization, write protection/OTP modes 


DS1963S 


4kb SHA-1 iButton® 


Bidirectional SHA-1 challenge and response 


DS2460 


SHA-1 coprocessor 


Secure storage of system secrets 



^OTES, GO TO: 
''"m-ic. com/protect 



*Authentication solutions starting as low as $0.15 for consumer-electronics volumes. Prices provided are for design guidance and are FOB USA. International prices will differ due to local 
duties, taxes, and exchange rates. Not all packages are offered in 1k increments, and some may require minimum order quantities. 
1-Wire and iButton are registered trademarks of Dallas Semiconductor Corp. 
**Data sheet provided under NDA. 



DALLAS juf Jiyt I JUl 

WW SEMICONDUCTOR ^ U ■ ^ ^ ■ 

www.maxim-ic.com 
HfEE 1-Wire Design Guide— ^eiif vmm 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. PT) 
For a Design Guide or Free Sample 



mAVNET 

electronics marketing 

1-800-332-8638 



ywyjxiyki/SPsDALLA: 



1-888-IVIAXIIVI-IC 



Af\r\D\A/. 



Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark. 
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp. 

© 2005 Maxim Integrated Products, Inc. All rights reserved. 
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cuit's input to the charge pump's out- 
put allows for correction of small non- 
linearities due to residual charge injec- 
tion. This input-derived correction is 
effective because the charge injection's 
effects vary directly with the oscillation 
frequency, which the input voltage 
determines- 

Although you can use the compo- 
nent values given in Figure 1 to assem- 



ble prototypes and small production 
quantities of the circuit, you need to 
consider component selection for opti- 
mum manufacturability and high-vol- 
ume production. Table 1 lists certain 
components' target values and esti- 
mated selection yields. The notes in 
Figure 1 list the key components that 
the design uses. 
To calibrate the circuit, apply 5V to 



SELECTION CRITERIA FOR COMPONENTS 



Component 


Selection parameter at 25°C 


Typical yield (%) 


Q, 


lcER<20 pA at 3V ^^^^^ 


90 




Iebo<20 pAat 3V 


90 




75 pA at 3V; Irev<500 pA ^-^^^^ 


■ 80 




liN<25 pA 


80 




Ib<5 pAat Vcc=5V 


90 


IC2A' IC2B 


Must toggle with 3.6-nsec-wide (at-50%- 
level) input pulse 


80 



the input and adjust the 100-MHz trim- 
mer, for a 100-MHz output. Next, 
connect the input to ground and adjust 
trimmer R^^ for a 1-Hz output. Allow 
for an extended settling interval 
because, at this frequency, the charge- 
pump update occurs once every 32 sec. 
Note that R^3's adjustment range 
accommodates either a positive or a 
negative offset voltage because IC^'s 
clock output generates a negative bias 
voltage for R^^. Next, apply 3V to the 
input and adjust R^ for a 60-MHz out- 
put. A certain amount of interaction 
occurs among the adjustments, so 
repeat the process until you arrive at 
optimum values for the three calibra- 
tion frequencies.EDN 



Cascode MOSFET increases 
boost regulator's input- and 
output-voltage ranges 



Scot Lester, Texas Instruments, Dallas, TX 



area of the converter circuit. Figure 1 
shows a boost regulator based on a 
TPS61040 boost controller, IC^, 
which uses peak-current control. 
Applying input voltage V^^^ to IC^'s 



Targeting use in portable-system 
applications that require raising 
a battery's voltage to a higher level, IC 
boost regulators often include output 
transistors that can drive storage 
inductors. However, most boost regu- 
lators' absolute-maximum input-volt- 
age rating typically doesn't exceed 6V, 
an adequate level for battery operation. 
In addition, breakdown voltage of the 
regulator's output transistor limits the 
regulator's absolute-maximum output 
voltage to 25 to 30V, which may be too 
low for some applications. 

You can extend a boost regulator's 
output-voltage range by adding an 
external transistor that has a higher 
breakdown voltage than the regulator. 
However, the internal design of a typ- 
ical boost regulator's control circuitry 
often prevents direct drive of an exter- 
nal transistor's base or gate. As an alter- 
native, you can add an external high- 
er voltage transistor by connecting it in 
a cascode configuration. 



Most boost regulators feature a peak- 
current-control method that reduces 
the number of external components 
and thus shrinks the overall pc-board 



V^^^^ pin and to one leg of inductor 

IC;s internal MOSFET 
allowing 



turns on 

switch, Qp allowing a gradually 
increasing amount of current to flow 
from Vj^ through and internal 

current-sense resistor R^ The circuit's 
internal controller monitors the volt- 



<6V 



IO1 
TPS61040 



SW 



PEAK-CURRENT- 
MODE CONTROL 



FB 




_0 ^OUT 

^<28V 



+ 



Figure 1 Based on the "barefoot" TPS61 040, this dc/dc boost converter delivers out- 
put voltages only within IC/s ratings. 
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DESIGN THE BEST CELL PHONES 
WITH LONG BAHERY LIFE AND 
UNEQUALED SOUND QUALITY 

Maxim Provides a Complete Range of Headphone and Speaker Amplifiers, 
Offering DirectDrive Ultra-Low EMI, and High Efficiency 




AND 





STEREO HEADPHONE AMPS 



BEST PSRR CLASS AB AND 
HIGH-EFFICIENCY CLASS D 



FOR 



MULTIMEDIA PHONES 



DirectDrive Headphone Amplifiers 



LOW-FREQUENCY RESPONSE 



MAX9723* 


Integrated 32-level |2C** control, multiple gain options, low- 
frequency (bass) amplification, 1 .8V to 3.6V 


IVIAX9722 


Highest output power, 140mW, 2.4V to 5.5V, differential inputs 


MAX9721 


0.9V to 1 .8V, single battery supply, ideal for MPS and mini 
CD players 


MAX9720 


1 .8V to 3.6V, SmartSense™ automatic jack detection 
and shutdown 


Higti-Efficiency, Class D Speaker Amplifiers 
with Industry's Lowest EMI 


MAX9705* 


Up to 2W, mono, filterless, spread-spectrum modulation 
and active-emissions limiting for best EMI performance 


IVIAX9700 


2.5V to 5.5V, 1 .2W mono filterless Class D amplifier 


IVIAX9701 


2.5V to 5.5V, 1 .2W stereo filterless Class D amplifier 


Class AB Speaker Amplifiers with Best PSRR 
Performance 


IVIAX9716 


1 .3W, mono Class AB amplifier with 10nA shutdown current 


IVIAX9717 


1 .3W, mono, BTL or single-ended, for combined speaker 
and headphone amplifier 


MAX9718/19 


1 .4W, mono/stereo Class AB amplifier 




COMPETITION l\IO0A^ 
3dB CORNER ^^TB/\/n/^^SS 
FORIOO^xF ^PC7./%i 
DC-BLOCKING -< " 
CAPACITOR 1-1 
IS 100Hz - 



\ 



100 

FREQUENCY (Hz) 



1000 



PATENTED SPREAD-SPECTRUM 
MODULATION AND 
ACTIVE-EMISSIONS- 
LIMITING CIRCUITRY 



FCC EMI LIMIT 



yi/i/jxiyi/i 

MAX9705 



30 60 100 140 180 220 260 
FREQUENCY (MHz) 



300 



*Future product— contact factory for availbility. 

**Purchase of I^C components from Maxim Integrated Products, Inc., or one of its sublicensed Associated Companies, conveys a license under the Philips I^C Patent 
Rights to use these components in an I^C system, provided that the system conforms to the I^C Standard Specification defined by Philips. 
SmartSense is a trademark of Maxim Integrated Products, Inc. 
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age across sense resistor and, upon 
reaching a predetermined current 
limit, turns off Q^- 

Interrupting the current through 
raises the voltage across the inductor 
and applies forward bias to diode 
which conducts and charges output 
capacitor to a higher voltage than 
would be available from the input volt- 
age alone. The input voltage, L^'s 
inductance, and the preset peak current 
through all affect Q^'s on-time, and 
the output voltage sensed by IC^'s FB 
(feedback) pin and its external com- 
ponents determines Q^'s off-time. To 
maintain operation and set Q^'s off- 
time, IC^'s internal controller must 
monitor current through using 
and R^. 

You can add a higher voltage MOS- 
FET transistor, (Figure 2), for appli- 
cations that require an output voltage 
higher than the internal transistor's 
breakdown voltage. To maintain the 
circuit's current-flow path through 
and IC^'s SW pin, you connect the 
external transistor in a cascode, or 



common-gate, configuration. 

Q2 comprises a low-on-resistance, 
low-gate-voltage-threshold MOSFET 
with the addition of diode between 
Q^'s gate and source. To ensure the cir- 
cuit's proper operation, V^^^ — 5V in 
this example — must exceed Q^'s gate- 
threshold turn-on voltage. In opera- 
tion, IC^'s internal control circuit turns 
on Qp which pulls Q^'s source close to 
ground level and turns on with 
almost 5 V of gate-to-source potential. 

Current flows through inductor 
external transistor Q^, internal tran- 
sistor Qp and sense resistor R^ and 
IC^'s control circuit "sees" no difference 
with the installation of Q^. Once the 
inductor current reaches its preset 
limit, turns off, leaving with no 
path for current to flow from its source. 
The voltage on Q^'s drain rises rapidly 
to the desired output voltage plus the 
voltage drop across D^. As the drain 
voltage rises, Q^'s drain-to-source 
capacitance attempts to pull the 
MOSFET's floating source above 5V, 
which forward-biases D^, connects 



IC^'s SW pin voltage to 5V plus one 
diode drop, and clamps Q^'s source to 
the same voltage. 

A boost converter delivers a 180V 
output at 4 mA (V^^^) to bias a laser 
circuit from a 9V power supply (V+). 
In this application, the 5V input sup- 
ply need provide only enough cur- 
rent — typically, a few milliamperes — to 
drive IC^'s internal logic and the gate 
of cascode MOSFET Q^. You can use a 
dropping resistor and zener-diode volt- 
age regulator (not shown) to supply the 
5V requirement from the 9V supply. 
You can drive the inductor and IC^ 
from a common power supply or from 
a separate source that's within Q^'s 
breakdown- voltage rating. The cascode 
circuit also can produce any output 
voltage that's within Q^'s drain-to- 
source breakdown-voltage rating. 
Specify other components with an 
appropriate voltage rating — for exam- 
ple, breakdown-voltage ratings of 
inductor and capacitor should 
safely exceed the desired output volt- 
age. EDN 



^+0 — 

9V ^ 

C, 

10 (jiF = 
CERAMIC 



47 |jlH 

CURRENT RATING >0.5A 
HIGH-POTENTIAL RATING >200V 



SI4464 



5V ^ 

C2 : 
1 jxF 
CERAMIC 



IC1 
TPS61040 



SW 



PEAK-CURRENT- 
MODE CONTROL 



FB 




BAS21 




C4 

200V 
CERAMIC 

OR 
ALUMINUM 



"O18OV 
4 mA 




Figure 2 Adding an external cascode-connected MOSFET transistor, Q^, with higher breakdown-voltage ratings, enables 
the circuit to produce higher output voltages. 
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Buck or Boost: Rugged Fast 60V Synchronous Controller 

Does Both - Design Note 370 
Greg Dittmer 



Introduction 

Automotive, telecom and industrial systems are harsh, 
unforgiving environments that demand robust electronic 
systems. For example, an automotive battery system 
may be a nominal 12V, 24V or 42V, but load dump 
conditions can generate transients up to 60V. The 
LTC®3703-5 is a synchronous switching regulator con- 
troller that can directly step down input voltages up to 
60V and withstand transients up to 80V, making it ideal 
for harsh environments. The ability to step down the high 
input voltage directly allows a simple single inductor 
topology, resulting in acompact high performance power 
supply— in contrast to the low side drive topologies that 
require bulky, expensive transformers. 

Feature Rich Controller 

The LTC3703-5 drives external logic-level N-channel 
MOSFETs using a constant frequency, voltage mode 
architecture. A high bandwidth error amplifier and pat- 
ented line feed forward compensation provide very fast 
line and load transient response. Strong 1Q gate drivers 
minimize switching losses— often the dominant loss com- 
ponent in high voltage supplies— even when multiple 



MOSFETs are used for high current applications. Other 
features include: 

• Low minimum on-time (200ns) for low duty cycle 
applications 

• Precise 0.8V ±1% reference 

• Programmable current limit utilizing the voltage drop 
acrossthe synchronous MOSFETto eliminate the need 
for a current sense resistor 

• Programmable operating frequency (1 OOkHzto 600kHz) 

• Low shutdown current {25^A), external clock synchro- 
nization input and selectable pulse skip mode operation 

• Packaged in a 16-pin narrow SSOP or a 28-pin SSOP 
if high voltage pin spacing is desired. 

High Efficiency 48V to 3.3V/6A Power Supply 

The circuit shown in Figure 1 provides direct step-down 
conversion of a typical 48V telecom input rail to 3.3V at 
6A. The circuit can handle input transients up to 60V 

XT, LTC and LT are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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Cvcc: AVXTHJC336M010RJN 



L1:PULSEENGPA1119 




Figure 1 . Buck: 48V to 3.3V/6A Synchronous Step-Down Converter 



Figure 2. Efficiency of Figure rs Circuit 
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without requiring protection devices or 80V if appropriate 
IVIOSFETs are used. The frequency is set to 250l(Hz to 
optinfiize efficiency and output ripple. Figure 2 shows a 
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Figure 3. Load Transient Performance of Figure 1 Circuit 
Shows 20^ Response Time to 5A Load Step 
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Figure 4. Line Transient Performance of Figure 1 Circuit 
Shows Almost Complete Rejection of 12V to 50V Supply 
Transient 



mid-range efficiency of over 90% at 24V input and 83.5% 
at 48V input. The loop is compensated for a 50kHz 
crossover frequency which provides 20|as response time 
to load transients (see Figure 3). The outstanding line 
transient performance is shown in Figure 4. The 12.1k 
Rmax resistor value is chosen to limit the inductor current 
to about 12A during a short-circuit condition. 

High Efficiency 12V to 24V/5A Synchronous Step- 
Up Fan Power Supply 

Synchronous boost converters have a significant advan- 
tage over non-synchronous boost converters in higher 
current applications due to the low power dissipation of 
the synchronous MOSFET compared to that of the diode 
in a non-synchronous converter. The high power dissipa- 
tion in the diode requires a much larger package (e.g. 
D^PAK) than the small S8-size package required for the 
synchronous MOSFET for the same output current. 

Figure 5 shows the LTC3703-5 implemented as a syn- 
chronous step-up converter for generating 24V/5A from 
12V— a common voltage for driving fans. This supply 
achieves a peak efficiency over 96% (see Figure 6). The 
LTC3703-5 is set to operate as a synchronous boost 
converter by simply connecting the I NV pin to greater than 
2V. In boost mode, the BG pin becomes the main switch 
and TG becomes the synchronous switch. Aside from this 
phase inversion, boost mode operation is similar to buck 
mode. In boost mode, the LTC3703-5 can produce output 
voltages as high as 60V. 
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Figure 5. Boost: 12V to 24V/5A Synchronous Step-Up for Fan Power Supply Figure 6. Efficiency of Figure 5's Circuit 
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For applications help, 
call (408) 432-1 900, Ext. 2593 



Linear Technology Corporation dn37o,LmP0805 409K™rED ,NTHE u^ 

1630 McCarthy Blvd., Milpltas, CA 95035-7417 A T U\^^\<. 
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DUAL-SCART VIDEO SWITCH IS 
IDEAL FOR COST-SENSITIVE 
STB APPLICATIONS 

Use the MAX7457 for Video Switching and Standard 
Anaiog Switches for Audio Switching to Reduce Cost 




AMPLITUDE vs. FREQUENCY 



♦ Filter Characteristics Ideal for PAL 
Video Signals 

♦ Stopband:-41dB at27IVIHz 

♦ Passband: +0.3dB Flatness 
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♦ Aux Input for VCR Loop-Through 

♦ +6dB Output Buffer Gain 

♦ Output-Disable Mode 

♦ Each Channel Drives Two 150Q Video Loads 



Part 


No. of Channels 


Output Buffer Gain 


Package 


Pricet ($) 


MAX7457 


4 


+6dB 


16-TQFN 


1.62 



t1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages 
are offered in Ik increments, and some may require minimum order quantities. 
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www.maxim-ic.com 
FREE Video Design Guiie— Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. FT) 
For a Design Guide or Free Sample 



ywyjxiyw/jp DALLAS 



1-888-MAXIM-IC 



AI\f\D\A/. 



fAVNET 



electronics marketing 

1-800-332-8638 



Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark. 
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp. 

© 2005 Maxim Integrated Products, Inc. All rights reserved. 




Video Performance 
Over CAT-5 Cable 
Driving You Crazy? 

Intersil's EL9115, a triple analog delay line, 
compensates skew introduced by CAT-5 
cable, enabling high-quality video through 
1 ,000 feet of cheap twisted pair cable. 

Tlie EL9115 allows three channels to be independently delayed in 2ns 
steps, up to 62ns. This allows de-skewing of signals, such as RGB video 
that is transmitted over CAT-5 cabling. Now signals can be exactly aligned 
at the receiver for a razor-sharp image. 





Video transmitted over 1000 
feet of CAT-5. Note the lack 
of alignment on the RGB 
test pattern. 



EL9115 is programmed to align 
the RGB vertical test bars. 
De-skewing required 44ns delay 
on green and 18ns on red. The 
test bars now line up vertically. 



NEW-EL9111 and EL9112 
Tripple Signal equilizers offer 
even more design flexibility. 




Features 

^ 62ns total delay 

2ns delay step increments 
^ Operates from ±5V supply 

— Up to 100MHz bandwidth 
Low power consumption 
20-pin QFN package 

Applications 

^ Video security systems 

— KVM 

— Video over CAT-5 

Complete Video Equalization and 
Compensation Solution 

EL4543: Triple Driver/Sync Encoder 

— NEW -EL9111 and EL9112: Tripple 
Differential Receiver/Equalizer 

EL9115: Triple Analog Delay Line for 
Skew Compensation 



Up to 1,000 Ft. 
of CAT-5 Cable 



Equalization and Compensation 



Datasheet, free samples, and 
more information available at 
www.intersil.com/edn 



Intersil - Amplify your performance with advanced signal processing. 



©2005 Intersil Americ 
or one of its subsidia 



:. All rights reserved. The following are trademarks or services marks owned by Intersil Corporatior 
md may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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HIGH PERFORMAHCE ANALOG 
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DC/DC converters come in more than 1 75 models 

□ RoHS'Compliant, 1 and 2W isolated dc/dc I-series converters comprise more 
than 175 models- Input and output voltages range from 33 to 48V dc, with an 
80% efficiency at full load- Ripple and noise are 75 to 150 mV p-p at 20 MHz, and 
isolation is either 3000V dc or lOOOV dc- The converters come in DIPs and SIPs and 
cost $4.80 (1000). 
XP Power, www.xppower.com 



High-voltage modules 
suit mass spectrometers 

□ The high-voltage LS range mod- 
ules provide low noise for IW 
applications- Features include a reduced 
ripple to 2 ppm, a 10'ppm/°C temperature 
coefficient, and a 50'ppm (0.005%) drift 
for the 1- to 50'kV operating range- 
Applied Kilovolts, www.applied 
kilovoltsms.com 

48V 1 U power supply 
suits POE applications 

□ An addition to the LC Series, the 
48V model compact lU-high 
switcher provides lOOOW of output power 
over a 180 to 264V'ac input range and 



800W output power from a 90 to 264V'' 
ac input range- Targeting POE (power- 
over-Ethernet) applications, the switch- 
er is IEEE 8023af-compliant. The 48V 
model of the LC Series costs approxi- 
mately $300. 

Deltron Inc, www.deltroninc.com 

Quad-output dc/dc 
converter has wide 
temperature range 

The 30W model 70Q5.12SR quad- 
™™ output dc/dc converter has a 40 to 
120V-dc input range and 5 to 12V-dc 
output range- The outputs are isolated 
from both the input and from each other. 
Designers can parallel the devices for 



increased output current. The 5 V outputs 
operate at L4A dc, and the 12V outputs 
operate at 700 mA dc. The case temper- 
ature range is — 40 to + 100°C. Measuring 
3x2.5xO.6-in., the 70Q5.12SR costs 
$83.30 (1000). 

Calex Manufacturing Co, www.calex. 
com 

Programmable, single- 
output dc power supply 
is SCPI-compatible 

□ The Model 9120 single-output dig- 
ital dc power supply offers clean, 
stable, and reliable power. Features 
include a to 30V, to 3 A programma- 
ble output; a 10-mV, 1-mA display reso- 
lution; an RS-232 interface; SCPI 
(small-computer-peripheral-interface) 
compatibility; and remote sensing. The 
Model 9120 measures 8x21x38 cm and 
costs $689, including a one-year warran- 
ty, user manual, and line cord. 
B&K Precision Corp, www. 
bkprecision.com 

DC/AC inverter targets 
superbright LCDs 

□ Designed 
for driving 
dual CCFL (cold- 
cathode fluores- 
cent lamps), the 
KLS-150A com- 
pact single-board dc/ac inverter suits 
harsh environments with a temperature 
range of to 60°C. Inverter specifications 
include a 10.8 to 13.2V, 12V typical input 
range; a 204-'Hz PWM brightness-control 
frequency; 6.5W per lamp; 13W total 
power output at maximum luminance; 
2100V rms start-up voltage; 930V rms 
output voltage; 50-kHz output frequency; 
and 1.2 A input current. The KLS-150A 
measures 120X40X9 mm and costs 
$21.53 (10,000). 

Taiyo Yuden Inc, www.t-yuden.com 
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■ 

A MODULAR POWER 
ARCHITECTURE 

To design complex power 
supplies using complete 
COTS solutions that integrate 

Front-end protections, EMI 
filters, approved according to 
Avionics and Military 
standards 
' MIL-STD-704. 461, 1275 

DO-160, ABD-100 flH 




U.S. & CANADA 
1-888- 601-3169 

EUROPE 
33.5.57.92.12.80 



Half-brick, 1 20A 
dc/dc-converter family 
has single output 

□ Delivering 120A for the L2, L5, 
and L8V versions, the Polaris 2 
half 'brick dc/dc-converter family also 
supports 2.5V at lOOA, 33V at 80A, and 
5V at 55A. The device is an isolated, 
fixed'frequency design using synchronous 
rectification for 95% efficiency- Meas- 
uring 2.42x2.4X0.454n., the Polaris 2 
costs $99 (1000). 
Cherokee International, www. 
cherokeepwr.com 

Ultraminiature 40/60W 
power supplies are 
open-framed 

□ Devices in the ultraminiature 
open-frame modular switching 
OFM40/60 power-supply series feature 
single, dual, and triple outputs from 33 
to 48V dc- Peripherals include 85 to 
265V-ac universal input, 6W/in.^ power 
densities, and full safety approvals- 
Measuring 2X4X L2 in, the OFM40/60 
costs $16- 

Astrodyne, www.astrodyne.com 




Compact do power 
system comes in 
1 RU package 



□ The Gravitas X75-48S IRU-high 
dc power system comprises a lU- 
high base system that houses three 1 X 2U 
hot-swap rectifier modules. It also offers 
a dc-battery load-distribution section and 
a monitor and control section. It has an 
output of 303A at 54-4V dc for three 
modules. The power system costs $720. 
Unipower Telecom, www.unipower- 
corp.com 




1 0m-class inverter 
provides high starting 
voltage in a small package 

□ Compatible with either U- or L- 
shaped lamps, these lOm-class in- 
verters can power one or two lamp LCDs. 
The devices provide 12W output power, 
offer a 2400V rms starting voltage, and 
measure 109.7 X 13.34X 10-mm. The in- 
verters cost $9.50 each. 
Endicott Research Group, www. 
ergpower.com 

Linear power supply 
features dual output 

□ The 22-100 linear power supply 
has an output voltage of ±15V 
and provides ±100 mA of output cur- 
rent. The device features noise and rip- 
ple at 2 mVrms, and 100, 115, 220, 230, 
and 240V ac can power it. Targeting 
power-sensitive analog circuitry, the 
power source includes ±0.05% voltage 
accuracy and ±0.04% line and load reg- 
ulation. The 22-100 costs $77.73 
(100). 

Calex Manufacturing Co, www.calex. 
com 

Modular power supply 
targets low- to medium- 
volume applications 

□ Vega Lite power supplies are avail- 
able in two models: the Vega 550, 
rated at 550W with a 1 15V-ac input volt- 
age or 700W at a high line greater than 
150V ac, and the Vega 750, rated at 
750W at 1 15 V ac or 900W at a high line 
greater than 150V ac. With 900W out- 
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The Leader in Embedded Computing Technology 



ETXexpress-PM 
EPIC/CE 
AT8901 



CVX-Server 



Kontron 

kontron.com 



ETXexpress-PM 

> Intel® Pentium® M processor and 
Intel® 915GM Express chipset 

> Highest performance state of the 
art embedded module 





EPIC/CE 

> Intel® ULV Celeron® 400 or 
LV Celeron® 733MHz, 815 chipset 

> 6x USB 2.0, dual LAN, 4 COM, LPT, GPIO 



AT8901 

> Supports Base Interface (GbE) 

> Supports Fabric Interface (2xGbE) 





CVX-Server 

> Intel® 735 Pentium® M processor at 1.7GHz 

> Small rugged enclosure design 



It 
u 



Intel' 

Communications, 
Alliance 

Associate Member 



Visit Kontron at ESC Boston 



Booth 515 - September 13-14, 2005 



Computer On 


Blades & 


CPU 


Systems 


Mobile 


Custom 


Modules 


Mezzanines 


Boards 


Rugged 


Solutions 




kontron 

US: 1-888-294-4S58 - sales@us.kontron.eom 

EMEA: +49 800 7253756 - ASiA: +886 2 2910 3532 
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Reed Electronics Group 
Presents the Leaders 
in Electronics. 
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CEOs 
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Reed Electronics Group is the largest and most diverse organization in the world devoted to gathering and distributing 
information for the global electronics industry. Reed Electronics Group is part of Reed Elsevier pic group (NYSE: RUK and 
ENL), a world-leading publisher, trade-show producer, and information provider in print and online, with over 38,000 
employees worldwide, operating in the science and medical, legal, education, and business-to-business industry sectors. 
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put power, the power supplies feature one 
to 10 wide-range adjustable 1.8 to 56V 
output voltages and 60 A output currents- 
Vega Lite power supplies cost $390- 
Lambda, www.lambdapower.com 

500W ac/dc and dc/dc 
power supply has 
NAVMAT compliance 

□ Providing 
either five 
outputs for a VME 
system or eight out- 
puts for a VXI sys- 
tem, the 57S81 includes an ac/dc and dc/dc 
power supply- Targeting military and aero- 
space programs including airborne, ship- 
board, ground-mobile, and OI applica- 
tions, this device operates from an input of 
either 115 to 230V ac in single phase or 
270V dc- Outputs provided include 5,33, 
±12, and 5V dc (standby) for VME sys- 
tems or 5, ±12, ±24, -5.2, -2, and 5V 
dc (standby) for VXI systems- Designed and 
manufactured to NAVMAT (naval-mate- 
rials-command) componenet derating 
guidelines, the 57S81 costs $4200 (100). 
North Atlantic Industries, www.naii.com 

Power source 
comes in MiniDIP 

Part of the Budget Save product 
™™ line, the GIOOE series provides 
lOOOV-dc I/O isolation and IW output 
power. Features include 5, 12, and 24V 
inputs; a —40 to +85°C operating range; 
single and dual outputs; 1 million hours 
MTBF; and 81% efficiency. The GIOOE 
series comes in a "MiniDIP" with an 
industry- standard pinout. 
MicroPower Direct, www.micropower 
direct.com 

SOW power supplies 
include active PFC 

□ The 50W JEW series power supplies 
include universal ac input with 
active PFC (power-factor correction) along 
with a ± 10% output adjustment for user- 
controlled output voltage- Devices measure 




26X55 X 190 mm and cost $36 (1000). 
Kepco, www.kepcopower.com 



Low-noise converter 
has 5-mV output noise 

This low-noise, lOW dc/dc-con- 
verter series is available in case 



options that provide better performance 
and flexibility than those in the previ- 
ous series- The cases provide a 2-to-l 
input- voltage range, and 3- and 4'to-l 
input voltages are available upon re- 
quest; output noise is 5 mV The con- 
verter comes in a coated metal case and 
measures 2X1X0.395 in. The series 
costs $55,60 for single-output models 





A NEW GENERATION of BIPOLAR POWER 

HIGH POWER BOP from KEPCO 




BUILT-IN ARBITRARY WAVEFORM GENERATOR 



The High Power BOP are true 4-quadrant programmable 
voltage and current supplies capable of full source and sink 
operation. To achieve low dissipation and high efficiency, 
when sinking power from a load, the High Power BOP 
recuperate the energy for re-use. The key to this is a 
bi-directional power factor correction (PFC) circuit, which 
allows transparent energy interchange without dissipative 
sinking. Keypad controls allow for automatic creation 
and display of various waveforms and complex patterns. 
They meet the EN61 000-3-2 harmonic limits. A built-in 
EN55022 Class B input EMI filter is provided. 

For more information visit the Kepco website: 

www.kepcopower.com/bophi.htm 



AN ISO 9001 COMPANY 




THE POWER SUPPLIER 
SINCE 1946 



KEPCO, INC. • 1 31 -38 Sanford Ave. • Flushing, NY 1 1 352 USA • Tel: (71 8) 461 -7000 
Fax: (718) 767-1102 • Email: hq@kepcopower.conn • www.kepcopower.com 
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and $5930 for dual-output models. 
Beta Dyne, www.beta-dyne.com 

Bus converter 
boasts 97% efficiency 

□ The QTS48T46096 46A bus 
converter features 420W and 



95% full-rated power and operates at 
70°C. The 9-6V output voltage increas- 
es power-system efficiency, reducing 
point-of-load V^^/Vq^^ deltas. The con- 
verter includes a 5-to-l fixed-ratio design 
for a 7.2 to 1 IV output voltage and a 36 
to 55V input voltage and supports 97% 
efficiency. 

Power-One, www.power-one.com 



Universal power 
supply comes in 
eight model voltages 

□ Part of the 60W series of univer- 
sal power supplies, the PW136 
external power series includes a 100 to 
250V universal input. The series includes 
3.3, 5, 9, 12, 15, 18, 24, and 48V models, 
all of which are single-output devices 
delivering 23 to 60W of power. Made of 
impact-resistant polycarbonate, the en- 
closure measures 100X66X41 mm and 
can feature private-label markings. The 
PW136 costs $16 to $18 (1000). 
Ault Inc, www.aultinc.com 

EMBEDDED 
SYSTEMS 

Two-slot ATCA backplane 
suits prototyping 

□ With a point-to-point mesh 
topology that requires no switch 
cards, the two-slot ATCA (Advanced- 
TCA) backplane features a 10-layer 
stripline design for routing through sig- 
nal-integrity studies. The product also 
includes connectors for direct plugging of 
the IPM sentry shelf manager or wired 
connections to other shelf managers. 
The ATCA costs $700 and has an op- 
tional full mesh implemented on the 
backplane. 

Elma Bustronic, www.elmabustronic. 
com 

Development-tool kit 
features enhanced IDE 

□ The MetaWare development- 
tool kit includes a C/C+ + com- 
piler, a debugger, and an eclipse-based 
IDE (integrated development environ- 
ment). New features of the kit include a 
source-management tool, a context-sen- 
sitive help tool, support for project col- 
laboration, and a construction tool kit 
with examples. Available for Windows 
and Red Hat Linux platforms, the 
MetaWare development-tool kit costs 
$5495. 

ARC International, www.arc.com 



It^s very simple. 
Plug it in. Power up. 




www.norvell.com/pss 



The quickest way to find the power you need. 

Sometimes looking for the right power supply can be a hassle. 
That's why Norvell has developed Power Supply Solutions. This unique 
tool will respond to your specifications quickly by accessing several 
^ manufactures and providing multiple power solutions. It's just that 
simple. Go to norvell.com/pss and experience Norvell's newest 
• way to service your needs. Just plug it in, order it and power up! 



Norvell 
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mart' 



One size does not fit all. 
And one solution don't fit all! 




Check out our in-stock 
Power Distribution Units at 
www.pulizzi.com/stock 
All of our in-stock PDUs qualify 
for the same day shipping offer. 
(For Orders Placed by 12 P.M. CT) 



PULIZZP ENGINEERING, INC 




• Development & Production Applications 

• Surface Mount, Thru-hole, Compression Style 

• BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more! 

• Bandwidth - up to 30 GHz a O A r% 
•/different socketing systems ASAP 

• Ask about our "ASAP Service" SERVICE 

• Adapters and Receptacles too! 



DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983 




Learn more, visit us online:www. emulation. com/049 



408-982-0660 • www.emulation.com 



^binii Connection... 

PCB Production, 
Assembly, 
Turnkey 



Prototype - Production 



D/S PCB 120 per in^ 
4-L PCB - 200 per in^ 

10 days Delivery w/solder Mask 
NRE not included 
UL Approved 



MYLYDIA INC. 

1-800-Mylydia 
sales@mylydia.com 

www.mylydia.com 




e-Box' 



Low Cost 16-bit 
Data Acquisition and 
Mass Data Storage 



• 3.0x4. 
50^ A 

standby, 160 
mA, 9-24VDC 

• Complete C/C++ 
programmable 
environment 

• 8 16-bltADC, 8 16-bltDAC, 4-20 mAoutputs 

• CompactFlash with FAT file system 

• 80 MHz CPU, TTLs, Solenoid drivers. Relays, 
Opto-couplers 

• 3 RS-232/485/422, timer/counters, PWM, RTC, EE 

• Aluminum box with field removable screw terminals 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, file system with CompactFlash, LCD, DSP motion control, 
18 UARTs, 300 l/Os. Custom board design. Save time and money. 



I^C/SMBus 




Bus Monitors 

• Protocol 
Analyzers 

• Host 
Adapters 

• Multiplexers 

• Battery 
Applications 

• Software 
Tools 



1724 Picasso Ave., Suite A 
^^^^ ^ Davis, CA 95616 USA 
irlxrJ Tel: 530-758-0180 • Fax:530-758-0181 

INC. sales@tern.com ^SJm 



^CC 



Micro Computer Control 



I^C is a trademark of Philips Corporation 



www.mcc-us.com 



To advertise in Product Mart, call Dara Juknavorian at 781-734-8343 
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Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 




USB CANbus I2C RS2 



USB to |2c 
for PC's 



NEW! UCA93LV - bus-poweredl 
USB I2C interface - great for laptops! 
400kHz bus monitoring / addr. filtering! 
Also: PCI93LV - PCIbus version I2C 
master/slave/bus-monitor. $499.00 




USB to RS232 



I EAS/LV turn legacy RS232 devices into 
USB with just one ic! Simply replace 
I RS232 level-shifting ic with FT232BM | 
including all Windows/Linux/Mac drivers! 



Saelig Company Inc. 

p: 888-772-3544 
www.saelig.com 




Integrated 
Pulse, 
DC, and 
Reliability 

Get leading-edge I 
pulsecapabilityand I 
precision DC measurement in one 
compact solution with Keithley's Model 
4200-SCS, the industry's leading semi- 
conductor characterization system. The 
new Pulse l-V Package enables superior 
measurement and faster time-to-market 
for leading-edge semiconductors. Find 
out more and get a free Semiconductor 
Tutorial Handbook at: www.keithlev. 
com/at/231 or call 1-800-588-9238 in 
the U.S. today. 



KEITH LEY 



1 
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INTEGRATED CIRCUITS 



DACs are pin- and 
function-compatible 
across resolutions 

The DAC121S101, DAClOl^ 
SlOl, and DAC081S101 are 12^, 
10', and S'bit-resolution, single-channel 
DACs- The devices feature a lO-jJusec set- 
tling time, TSOT-6 and MSOP-8 pack- 
ages, rail-to-rail output swing, and input 
clock rates of 30 MHz over a supply range 
of 2.7 to 5.25V. Functions include trim- 
ming offset or gain and generating high- 
performance analog-output signals for 
control or display. The DAC121S101 
costs $1.35 (1000). 
National Semiconductor Corp, 
www.national.com 



Advanced video-filtering 
devices target consumer- 
video applications 

The ADA4410-6, ADA4411'3, 
and ADA4412-3 advanced filter- 
ing devices include six-pole filters and 
buffers. With six channels for video pro- 
cessing, the ADA441 0-6 comes in 5x5- 
mm CSP-32 packaging and costs $1.80 
(100,000). As a three-channel version 
of the ADA4410-6, the ADA4411'3 
comes in a QSOP-24 package and costs 
$1.49 (100,000). With three channels 
and adjustable gain and offset, the ADA- 
4412-3 comes in a QSOP-20 package and 
costs $1.29. 

Analog Devices, www.analog.com 
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Super-Grip CR-2032 
Battery Holder 



For Handheld and Portable Devices 




in the past, CR-2032 batteries - used in portable, handheld 
and other devices - were often subject to battery ejection. 
No more. MPD's super-strong, super-grip CR-2032 battery 
holder is virtually ejection-free, providing the confidence 
essential for today's active lifestyle. 
KEY FEATURES: • Special gold-plated contacts and con- 
struction hold the coin-cell in place relentlessly • Dual beams 
assure contact • Break-resistant, lightweight LCP plastic 
withstands high temperature • Shock and vibration resistant 
•Thru-pin and surface mounting - Available Tape & Reel 
• No tool to remove battery 

For details: write, call, fax or visit our website. 

Memory Protection Devices, Inc. 

200 Broad Hollow Road, Farmingdale, New York 11735 
Tel. (631)249-0001 • Fax (631)249-0002 

www.batteryholders.com 




PC-HOSTED LOGIC ANALYZER 



l: 



^igital Test, Easy and Simple 



-72 Channels @250M Hz 
-36 Channels® 500MHz 



'Up to 4 Meg/Channel 
'Transitional Timing 



GoLogi 



See the 
solution 
quickly 




'Your Eyes into 
the Disital World" 



Logic Ana/yzers 



www.nci-usa.com 

Phone 256-837-6667 • Fax 256-837-5221 
email: contact@nci-usa.com 
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realitycheck 



rll 



YESTERDAY'S HYPE MEETS TODAY'S REALIT 



r 




Satellite upsets terrestrial radio firma 

■ Conventional broadcast radio's business hasn't changed much since the introduction of 
AM radio in the 1920s and FM (and stereo FM) in the 1950s. Precious license assign- 
ments, varying signal reach, and lots of commercials, along with free reception, defined the 
situation. 

But that situation is now changing rapidly. Competitors XM Satellite Radio (www.xmradio. 
com) in 2001 and Sirius Satellite Radio (www.sirius.com) in 2002 began broadcasting directly 
to users from satellites. Each system provides more than 100 commercial-free channels, for a 
fee of about $1 0/month, to specialized receivers that are now integrated as standard equip- 
ment into cars and available for home and portable units. XM's two geostationary satellites 
transmit in the 2332.5- to 2345-MHz band; the Sirius units are similar. 

As of the end of 2004, Sirius had about 1.1 4 million subscribers, including a net gain of 
480,000 during 2004; XM claimed 3.2 million, an increase of 1.8 million for the year. Although 
these numbers may look small compared with the 250 million people who tune in at least once 
a week to conventional broadcast radio, they represent a complete alteration of the established 
broadcast model, receiver-electronics architectures, and receiver suppliers. 

—by Bill Schweber, Executive Editor 
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Scalable, cost-effective 
solution for complex 
PCB designs 

Quickly creating the fanout for dense, 
high-pin-count devices is just one of 
the many tasks made easy with 
OrCAD® PCB Designer. Here are 
some others: 

• Quickly placing critical components 
to optimize logical connections 

• Producing customized reports 

•Adding or customizing drill 
tolerances, symbols, characters 

• Routing power and ground to split 
power planes 

OrCAD PCB Designer suites offer a 
complete front-to-back PCB design 
solution based on powerful technology: 

• OrCAD Capture® schematic entry 

• OrCAD PCB Editor place-and-route 
(based on Cadence® Allegro® technology) 

• SPECCTRA® for OrCAD autorouter 
(based on Cadence Allegro technology) 

You can further enhance productivity 
by adding optional PSpice® A/D for 
circuit simulation or by adding 
OrCAD Signal Explorer (based on 
Cadence Allegro technology) for signal 
integrity and topology exploration. 

We've assembled some of your most 
common PCB design issues into a 
booklet, the OrCAD PCB Designer 
Solutions Guide - get your FREE 
copy today! 



Visit us at 
www. ema-eda. com/PCBDesignerGuide 
orcaiius at 800.813.7288 
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OrCAD 



Your Black Box 
approach to visua 

embedded design. 




Go from concept to embedded ASIC 
in one hour or less with PSoC Express^ 

Start with our Programmable-Systenn-on-Chip™ (PSoC™) 
mixed-signal array: Powerful programmable analog 
and digital blocks with MCU and flash for less than $2, 
replacing thousands of fixed-function ICs. Pair it with 
free PSoC Express software, our revolutionary, code-free 
visual design tool. The result is hassle-free system-level 
embedded design with unprecedented time to market. 
The PSoC Express tool suite provides: 



SPEC 



Development time reduction of 90% + vs. 
competitive toolsets 

Freedom from C and assembly coding, automatic 
code generation with no registers to define, no code 
optimization, and no debug required 

Drag-and-drop access to our library of temperature 
sensors, switches, potentiometers, relays, FETs and fans 

Automatic generation of a datasheet, schematic and 
bill of materials 

Portability to our full-featured PSoC Designer™ tool 



I WANT MY BLACK BOX DESIGN KIT 

For a PSoC Express Development Kit^ 
free PSoC Express Software, or to attend 
a free NetSeminar; visit 
www.cypress.com/ad/psocexpress 



DEVELOPMENT TIME COMPARISON 



MPLAB 70 & PIC 18 
PSoC Designer™ 4.2 





66 HOURS 




43 HOURS 











PSoC Express"" 1.1 less than an hour : 



I Debug! 
I Sioftware 
I Hardware 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

TIME IN HOURS 



PSoC Express can reduce your development time from weeks to less than an hour. 
FAST CODE-FREE VISUAL DESIGN 
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Error 



Visually input external sensors, logic functions, output devices, and I2C 
communications while PSoC Express codes, simulates, and automatically 
programs your application into the PSoC IC. 
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